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3ojiOTyxHH B. B. Ba3HTOBbie nerMaTOHAbi hophjibckhx pyAOHOCHbix HHTpy- 
3 hbob h npo6jieMa reHe3nca njiaTHHOH^Ho-Me^Ho-HHKejieBoro opyAeHeHH5i ho- 
pnjibCKoro rana / PAH, Ch 6. OT^-Hne, Ofi-beA. hh-t reojioran, reocJ)H3HKH h 
MHH epajiomH. Hayn. peA. HJi.-xop. PAH T. B. nojiaxoB. Hoboch6hpck: H3a-bo CO 
PAH, HHH, OHrrM, 1977. 88 c. 


Ba3HTOBbie nerMaTOH^bi b py^OHOCHbix yjibTpa6a3HT-6a3HTOBbix HHTpy3HBax Hopn^bCKoro Tnna 
npeACTaBjieHbi 0H,zj0K0HTaKT0BbiMM ropn30HTaMH „hh>khhx” m „BepxHHx” TaxcMTOBbix ra66po-flOJiepHTOB 
h nerMaTOH^Hbix jieMKora66po, bo3hhkuihx 3a cueT ropH30HTOB „BTopHUHoro” pacnjiaBa. Ilpn OTcyTCTBHH 
b HHTpy3HBe nerMaTOH^OB — hct h cyjib^H^Horo opy^eHeHnsi. ripn 3aMetpeHHH nopofl paccjioeHHOH 
cepHH nerMaTOH^aMH py^OHOCHoro HHTpy3HBa nponcxoflHT 3HaunTejibHoe yHacjieflOBaHHe o6tpero cocra- 
Ba 3aMetpaeMbix ncxo^Hbix nopofl. ripn conocTaBjieHHM cociaBOB BxpanjieHHbix, npo>KHjiKOBO-BKpanjieH- 
HblX H MaCCHBHbIX IIHppOTHHOBblX pyfl TajIHaxa, HCXOflH H3 CTa6HJIbHOCTM COOTHOUieHHH py^Hbix 
ajieMeHTOB b hhx, HMeeT MecTO noc^eAOBaTejibHasi CMeHa BxpanjieHHbix npo>KHjiKOBO-BKpanjieHHbiMM h 
^ajiee MaccHBHbiMH py^aMH. Cyno cootholochhio b py^ax rjiaBHbix py^Hbix ojicmchtob, nHppoTMHOBbie 
py^bi cjiy>KaT ochoboh ajix npeo6pa30BaHnsi hx c npnBHOCOM Me^w BHauajie b Ky6aHHTOBbie, a 3aieM b 
TajmaxHTOBbie h MOHxyxHTOBbie py^ti c noBbimeHneM o6meH KOHn,eHTpan,HH b hhx njiaTHHOH^OB. 
ripo6jieMy cymecTByiotpero ^Mc6ajiaHca Mex<^y 6ojibuiMM coAepxcaHneM njiaTHHOH^OB b py^ax h He 
corjiacyiomHMCH c hhm oueHb MajibiM oG^eMOM MarMbi b HHTpy3H5ix no3BOJisieT peuiHTb KOHU,enu,UH 
cyjib(pypu3au l uoHHO-MemacoMamu i iecKozo eene3uca HopnjibCKHx MeflHO-HHKejieBbix cyjib^H^Hbix py^ c 
njiaTHHOHflaMM. OHa no3BOJisieT Taioxe oG'bsiCHHTb npaxTHnecKH Becb H3BecTHbiH cfjaKTHuecKHH Maiepnaji 
no cocTaBy npoMbiuuieHHbix py# HopnjibCKOro Tnna 6e3 npoTMBopeuHH c H30T0nHbiMM h reoxHMHuecKHMM 
AaHHbIMH. 3T0r0 He MO>KeT oG'bHCHHTb JIHKBaUHOHHaSI KOHL;enL;H5I. 

MoHorpacj^nsi paccuniaHa Ha cneqHajiHCTOB-reojioroB h CTy^eHTOB py^HO-neTpoiiornnecKoro 
npocJjHjisi. 

Basic pegmatoids in ore-bearing ultramafic-mafic intrusives of the Noril’sk type are represented by 
endocontact horizons of the „lower” and „upfer” taxitic gabbro-dolerites and pegmatoid leucogabbro, 
which have appeared due to by horizons of „second” melt. The absence of pegmatoids in intrusives there 
is the absence of sulphide mineralization as well. Replation of rocks of the layered series was by inheritance 
of the host rocks composition. At comparison of compositions of disseminated, vein-disseminated and massive 
pyrrotite ores of Talnakh we may see the successive change of disseminated ores by vein-disseminated and 
massive ores. The pyrrotite ores are the basis for their alteration with involvement of copper first of all into 
the cubanite, and then talnakhite and moikhukite ores with increased concentration of PGE. The problem 
of disbalance between high content of PGE in ores and the small volumes of magmas in intrusions permits 
to solve the conception of sulfurisation-metasomatic genesis of the Noril’sk Cu-Ni-sulphide ores with PGE. 
It allow also to explain the data isotope and geochemistry data. This can not explain liquation conception. 

This book — for geologist of ore-petrologic profile. 

Key words: basite pegmatoids, differentiated intrusions, Pt-Cu-Ni sulphide ores, Noril’sk region. 
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IIPEAHCJIOBHE 


B nociie^HHe torm b aHr;i05i3bmH0H reojioranecxoH jiHTepaType ony6jmxoBaHo 
p5 ia o6cT05rrejibHbix pa6oT [Naldrett, 1989, 1992; Naldrett et al., 1992; Sharma et 
al., 1992; Wooden et al., 1992; Brugmann et al., 1993; Lightfoot et al., 1990, 1993, 
1994; Dalrymple et al., 1991, 1995; h ap* ] xax no TpamiOBOMy MarMaTH3My 
HopnjibCKoro panoHa Ch6hpckoh njiaTt})opMbi, Tax h no HopnjibcxHM pyAOHocHbiM 
HHTpy3HBaM h hx opyAGHeHHio. B ny6jmxan,H5ix npeACTaBjieH o6nmpHbiH h pa3H0- 
o6pa3HbiH aHajiHTHnecKHH MaTepnaji (reoxHMHnecxHH, xHMHnecxHH h H30TonHbm). 
BMecTe c TeM, 6bijio 6bi 3a6jiy3KAeHHeM nojiaraTb, hto ohh penmjra Bee HMeiomHeca 
3Aecb npo6jieMbi. B reHeranecKOM OTHomeHHH bbixoa h3 othx MaTepnajiOB, k 
co^cajieHHio, nojiynHjiC5i BecbMa cxpomhmm, a nacTO HeoAH03HanHbiM h npeAno- 
JIO^KHTeJIbHblM. ClOAa M02KH0 OTHeCTH, HanpHMep, H3BeCTHyiO MOAeJIb HaJIApeTTa 
no reHe3Hcy HopHjibcxnx pyA [Naldrett, 1992], a Taxace npeACTaBjieHH5i o njnoMO- 

BOM HCTOHHHXe paenjiaBOB ({)JiyA6a3aJIbTOB, pyAOHOCHbIX HHTpy3HBOB H CaMHX 
cyjib(J)HAHbix pyA, npeACTaBjraiomHx co6oh eAHHyio cncTeMy, hto o6ocHOBbiBaeTC5i 
KOMnjiexcoM H30TonHbix AaHHbix [Sharma et al., 1992; Wooden et al., 1992]. 
OAHaxo Taxne npeAJiaraeMbie moacjih aoji^chm npeacAe Bcero o6MCHHTb bcio 
coBoxynHocTb Ba^cHenmero (})axTHHecxoro MaTepnajia, AaBHo H3BecTHoro Ha MecTO- 
poacAeHH5ix [roAJieBCKHH, 1959; PoroBep, 1959; Kopobaxob h ap-, 1963; 3ojio- 
TyxHH, 1964; h ap* L a 3to noxa HeB03M02XH0 Aaace c yneTOM othx hobbix 
ny6jiHxau,HH, ocHOBbiBaacb Bcen,ejio jihuib Ha CTapon jmxBaijHOHHOH reHeTHnecxon 
xoHu,enu,HH. 

JlHXBau,HOHHaa reHeranecxa^ xoHu,enu,HH b cyjibtJiHAHOM pyAOo6pa30BaHHH, 
xax H3BecTH0 [Vogt, 1923], noHBHjiacb b ochobhom Ha 6a3e oxcnepnMeHTajibHbix 
AaHHbix. TeM He MeHee o6ocHOBaHHbie comhchha b jmxBan,HOHHOM MexaHH3Me 
({)OpMHpOBaHHa CyjIb(J)HAHbIX MeAHO-HHXeJieBbIX pyA B03HHXJIH c nosiBjieHHeM MHO- 
roHHCJieHHbix nocjieAyioiiiiHx on5iTb-TaxH oxcnepHMeHTajibHbix AaHHbix — no oneHb 
MajioH pacTBopHMocTH cepw b 6a3HTOBbix h y^bTpa6a3HTOBbix pacnjiaBax 
[cm. AjibMyxaMeAOB, MeABeAeB, 1979; HayMOB, KoBajieHxo, 1997]. 

CoMHeHHH 3TH B03p0CJIH C n05IBJieHHeM 3XCnepHMeHTaJIbHbIX pe3yjIbTaTOB no 
B3aHMOAeHCTBHio cepbi (cyjibcJ)ypH3aii,HH) c 2xejie3ocoAep}xamHMH CHjinxaTaMH c 
o6pa30BaHHeM cyjib({)HAOB b MarMaTHnecxnx, nocTMarMaTHnecxHx h MeTaMop- 
({mnecxHx yc;iOBH5ix [KyjmepyA, ftoAep, 1965]. Ilpn 3tom hctohhhxom cepbi MorjiH 
6biTb ra30o6pa3Hbie, acHAxne h TBepAbie cepocoAepacamne peareHTbi, AofiaBjraeMbie 
b CHjiHxaTHyio CHCTeMy b umpoxoM Anana30He TeMnepaTypbi h AaBjieHHH. 

TaXHM 06pa30M, HaMeTHJICa B03M02KHbIH aJIbTepHaTHBHblH „JIHXBaiI,HOHHOMy” 
nyTb o6MCHeHHH (JiopMHpoBaHHsi xpynHbix cxonjieHHH cyjibcJiHAOB b Tax Ha3biBae- 
mhx „MarMaToreHHbix” MecTopoacAeHHax [3ojiOTyxHH, 1966]. 3to yace HepeAxo 
onpeAejrajiocb Taxace h no reojioro-neTpojiorHnecxHM npH3HaxaM [3ojiOTyxHH, 
1971 ]. Hctohhhxom cyjibtjMAHoro HHxejm (noAo6Ho acejie3y) mot 6biTb CHjraxaTHbiH 
HHxejib 6a3HT-yjibTpa6a3HTOBbix paenjiaBOB h nopoA. Ha 3to yxa3biBa;m xax 
HMeiomneca o6niiHe sxcnepHMeHTajibHbie AaHHbie no ({unoHAHo-MarMaTHnecxoMy 
B3aHMOAeHCTBHio [rop6aneB, 1992 ] h H3BjieneHHio HHxejra MeTacoMaTH3npyioHiiHMH 
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paCTBOpaMH H3 HHKeJieHOCHbIX nop OA [ApyTIOH5IH H a p., 1978, 1979], TaK H 
kohK peTH bie pe3yjibTaTbi no H3yneHmo HopnjibCKnx py/j0H0CHbix HHTpy3HBOB [3o- 
jiOTyxHH, 1965; P 5160 B, 1991]. npH^aBafl 6ojibmyio pojib b (J^opMHpoBaHHH Ho- 
pnjibCKHx MecTopoac/jeHHH MarMaToreHHbiM c{)jnoHAaM, mh b CBoe Bpeivisi BbmBHHyjra 
HH(})HjibTpau,HOHHo-MeTacoMaTHnecKyK) rnnoTe3y nx reHe3nca [3ojiOTyxnH, 1964]. 
C npoAOJDKeHneM H3yneHH5i TajmaxcKHx npoMbinuieHHbix MecropoacAeHHH [3ojio- 
TyxHH n Ap., 1975] CTajio acHbiM, hto 6ojiee npaBnjibHo ee Ha3BaTb cyjib(J)y- 
pn3au,HOHHo-MeTacoMaTHnecKOH [3ojiOTyxHH, 1988, 1991], KOTopaa b coctoahhh 

o6MCHHTb BCe HX TJiaBHbie OCo6eHHOCTH. 

B CB5I3H c neM Hy^cHo BepHyTbca k rjiaBHbiM reojiornnecKHM oco6eHHocT5iM 
CTpoeHH5i MecTopo/K^eHun HopnjibCKoro Tnna, He oSijsichhb KOTopbie, Hejib35i 
nocTpoHTb o6ocHOBaHHyio MO/jejib hx (J)opMHpoBaHHn, onepnpysi jmnib o/jhhmh 
aHajiHTHnecKHMH zjaHHbiMH. AxTyajibHOH 3aAanen 5iBji5ieTC5i ycTaHOBjieHHe caMHx 
npHHHH B03HHKH0BeHH5I CyjIbCjMZJHOrO Cu-Ni OpyACHeHH5I C nJiaTHHOH^aMH, 3a- 
BHCHMOCTb ero noHBjieHH^ ot MexaHH3Ma (J)opMHpoBaHHH BMemaiomHx ero HHTpy- 
3hbob h onpe^ejiCHHe pojin Toro hjih HHoro (J)aKTopa b ero c^opMHpoBaHHH. 
KjnoneBbiM MOMeHTOM b pemeHHH otoh 3a£anH, no HameMy mhchhio [3ojiOTyxHH, 
1964], HBjiaeTcn £OKa3aTejibCTBO rjiaBHOH pojin 6a3HTOBbix nerMaTOH^OB b noflB- 
jieHHH yHHKajibHoro [Wooden et al., 1992] npoMbinuieHHoro opyzjeHeHH5i ho- 
pnjibCKoro Tnna xax b npe/jejiax caMHx py^OHOCHbix HHTpy 3hbob , Tax h b hx 
6jnDKaHIHHX 3K30K0HTaKTaX. 

fljra y^o6cTBa HHTaTejm Ta6jiHu,bi h MHoronHCJieHHbie rpacJ)HKH, noacHsnomHe 
TexcT, BbmeceHbi b npHjioaceHHe I h II. 

Pa6oma GbinoAnena npu (puHcmcoeou noddepyace POOH (npoeicm 95-05-155-84). 
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1. TJIABHblE HEPTbl TEOJIOrHH PAHOHA JIOKAJIH3AIi;HH 
HOPHJIbCKHX PYAOHOCHbIX HHTPY3HBOB 


B HopnjibCKOM panoHe b ceBepo-3anaAHOH nacTH Ch6hpckoh njiaT({)opMbi 
(pHC. 1), KaK yCTaHOBJieHO CeHCMHHeCKHMH HCCJieAOBaHH^MH, HMeeT MeCTO Tpex- 
HJieHHblH pa3pe3 3CMHOH KOpbl C ByjIKaHOreHHO-OCaAOMHbIM HeXJIOM (MOHJHOCTbK) OT 
3—5 ao 13—15 km), a TaKace BepxHHM (MomHocTbio 10—14 km) h hh^khhm 
(MonjHocTbK) 24—28 km) cjioamh KOHCOJiHAHpoBaHHOH Kopbi c noBepxHocTbK) Moxo 
Ha rjiy6nHax 42—48 km (3Aecb h Aajiee no [flncTjiep, KyHHjiOB, 1994]). rijiaT(t)op- 
MeHHbiH nexoji pa3AejraeTC5i Ha Tpn apyca. Uepebiu cjiaraeTca mopckhmh otjio- 
aceHHAMH BeHAa—paHHero Kap6oHa (MomHocTbio 3—8 km). npeo6jiaAaioT 3Aecb 

AOJIOMHTbl, H3BeCTHHKH, MepreJIH, HMeiOTC5I TaK^Ce aprHJIJIHTbl, aJieBpOJIHTbl H 
aHrHAPHTbi. KaK BaacHyio oco6eHHocTb pa3pe3a cjieAyeT otmcthtb, hto aHrHAPHTbi 
BCTpenaiOTca b BeHAe, cpeAHeM opAOBHKe, BepxHeM cnjiype h oco6eHHo uinpoKO b 
pa3pe3e AesoHa — HH^cHero Kap6oHa (cyjibcJ)aTHo-Kap6oHaTHbie h Kap6oHaTHbie 
ocaAKH). Bmopou CTpyKTypHbiH 5ipyc o6meH MomHocTbio 4 km npeACTaBjieH ocaA- 
k3mh TyHryccKOH cepnn, c{)opMHpyiomHMHca b HHTepBajia ot cpeAHero Kap6oHa ao 
BepxHeii nepMH, h ByjiKaHoreHHOH TOJimen TpannoB MomHocTbio 3,5 km (BepxH5i5i 
nepMb—HH2KHHH Tpnac). BbiAeji^eMbiH mpemuu CTpyKTypHbiH sipyc (o6meH moih;- 
HOCTbK) 3AeCb AO 1800 m) CJIO^CeH TeppnreHHblMH MOPCKHMH H KOHTHHeHTaJIbHbIMH 
ocaAKaMH iopbi h Mejia, a TaK^ce neTBepTHHHbiMH. 

Y^ce HeoAHOKpaTHo noAnepKHBajiacb 6ojibma5i pojib rjisi MeTajuioreHHH ceBe- 
po-3anaAHOH nacTH Ch6hpckoh njiaTtJiopMbi h HopnjibCKoro panoHa, b nacTHocTH, 
A-JI5I B03HHKH0BCHH5I ByjIKaHO-TeKTOHHHeCKHX np0rn60B. K HHM npHHaAJie^CHT H 
HopHjibCKO-XapaejiaxcKHH nporn6 BMecTe c H3BecTHbiM HopnjibCKO-XapaejiaxcKHM 
pa3JiOMOM, kotopmm noAHHHeHo pa3MemeHHe Bcex cyjibtJiHAHbix Cu-Ni MecTopoac- 
AChhh panoHa (pnc. 2) . KaK yace OTMenajiocb, cocpeAOToneHHbiH pncJ)ToreHe3 b otoh 
nacTH Ch6hpckoh n;iaT({x)pMbi sibho b nepMO-Tpnace KoppejinpoBajica c paccpeAO- 
ToneHHbiM pnc})ToreHe30M Ha ee ocrajibHon 6ojibmeH nacTH, rAe TaK^ce nponcxoAHJin 
MaCCOBbie H3JIH5IHH5I nJiaTO“6a3aJIbTOB. PlHTeHCHBHblH TeKTOreHe3 HMeJI MeCTO TaK- 
ace nocjie c{)opMHpoBaHH5i ByjiKaHoreHHOH tojiih;h. rjiaBHbiMH njiHKaTHBHbiMH CTpyK- 
TypaMH 5ibjihk)tc5i TyHryccKaa CHHeKJiH3a, XapaejiaxcKaa, BojioronaHCKasi h Ho- 
pHjibCKasi MyjibAbi, 3anojiHeHHbie TyHryccKOH cepnen h ByjiKaHoreHHbiMH nopoAaMH, 
a TaK^ce flyAHHCKHH h XaHTaHCK0-Pbi6HHHCKHH Bajibi h AP- IIpeofijiaAaioT CB h 
CCB CHCTCMbi opneHTHpoBKH KaK y pa3pbiBHbix, TaK h njiHKaTHBHbix CTpyKTyp. 

rjiaBHOH oco6eHHOCTbio mojiWfU $jiyd6a3ajibmo6 HopnjibCKoro panoHa siBjraeT- 
C9L ee Hanfiojibrnaii MomHocTb (>3500 m) Ha Ch6hpckoh njiaTtJiopMe, a TaK^ce 
npeo6jiaAaHne jiaB HaA Tyc^aMH h HHTpy3HBaMH, 6ojibmoe hx pa3Hoo6pa3ne h, 
HaKOHeu,, npncyTCTBHe b accou,Hau,HH c hhmh paccjioeHHbix rnnep6a3HT-6a3HTOBbix 
HHTpy3HBOB, B TOM HHCJie C CyjIb(})HAHbIM Cu-Ni OpyACHCHHCM C nJiaTHHOHAaMH. B 
pa3pe3e ByjiKaHoreHHOH tojihi;h panoHa HMeeTca 6ojiee AByx cotch jiaBOBbix noKpo- 
bob (co cpeAHen MomHocTbio okojio 15 m) . TycJ)bi cocTaBjiaioT He 6ojiee 10 % 
ByjiKaHoreHHoro pa3pe3a. Pe3KO npeo6jiaAaiOT b pa3pe3e jiaBbi c coeraBOM tojichto- 
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Phc. 1. CxeMaTimecKafl xapTa pacnpocTpaHeHH5i nepMO-TpnacoBbix TpannoB Cn- 
6hpckoh n^aT({)opMbi (no reojiornnecKon xapTe noApeA. B. HajinBKHHa [1966]): 

1 — 6a3ajibTbi h 6a3ajibTOBbie Tycf)bi; 2 — rnna6HccajibHbie TpannoBbie HHTpy3HH; 3 — oca^o^Hbie nopo^bi 
^exjia njiaT(]x)pMbi; 4 — Bbixo^bi ^OKeM6pHMCKoro cf)yH;jaMeHTa h CKjia^aTbie nosica; 5 — pa3JiOMbi 
rjiy6nHHOro 3ajicmeHHsi. Otmchcho nojicmeHHe HopHjibCKOro paftOHa, cm. pnc. 2. 
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Phc. 2. reojioro-CTpyKTypHaa cxeMa HopnjibCKoro panoHa h pa3MemeHH5i ahc})- 
(J)epeHU,HpOBaHHbIX HHTpy3HBOB [3ojIOTyXHH H Ap., 1989]: 

1 — Me3030HCK0-KaHH030MCKMe ocaAOHHbie OTjio^KeHMsi; 2 — BepxHenepMCKO-HM^KHeTpMacoBbie ByjiKa- 
HoreHHbie nopoAti; 3 — najieo30HCKne ocaAOHHbie w ByjiKaHoreHHO-ocaAOHHbie nopoAti; 4 —7 — 
flH(]x]) e P eHL J M P 0BaHHbie y^bTpa6a3MT-6a3MTOBbie MHTpy3MBbi: 4 — Me30KpafoBbie nojiHOAMtfxljepeHiiM- 
poBaHHbie HopmibCKO-TajiHaxcKoro Tuna, 5 — jieMKOKpaTOBbie 3y6oBCKoro Tuna, 6 — MejiaHOKpaTOBbie 
MopoHroBCKoro Tuna, 7 — cfxDKMHCKoro Tuna; 8 — perwoHajibHbie pa3JiOMbi: MarMapyAOKOHTpojinpyKDin,MM 
HopmibCKO-XapaejiaxcKHM (a) h npoHMe (6); 9 — 11 — apeajibi nmcpmoBbix 6a3ajibTOB: 9 — rya- 
HMXMHCKOH CBMTbl, 10 — TyKJIOHCKOH CBMTbl, 11 — aHKapaMMTbl MOpOHTOBCKOM CBMTbl. MyjlbObl'. XM — 
Xapaejiaxcicasi, BM — BojiorcmaHCKasi, HM — HopmibCKasi. Bajibi : ^B — JJyAHHCKMM, XPB — 
XaHTaMCKO-Pbi6HMHCKMM. Jjucppbi 6 xeadpamax — pydnbie hoar: 1 — TajibMMHcicoe, 2 — TajiHaxcicoe, 
3 — HopmibCKoe, 4 — K)^KHO-Hopn^bCKoe; i^ucppbi e KpyjKKax — MejiaHOKpaTOBbie Anc]xf)epeHL;MpoBaH- 
Hbie MHTpy3MBbi: 1 — KjiiOKBeHHbiM, 2 — HMJKHeTajmaxcKMM, 3 — Hmjkhmm TyjiaeK-TaaccKMM, 4 — 
HpDKHeHopMjibCKMH, 5 — Mopohtobckmm, 6 — 3e.neHasi rpMBa, 7 — Hmjkhcc^okmhckmm. 
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Bbix 6a3ajibTOB (nacro MHHjmaexaMeHHbix), b to ace BpeMn 06 m™ mrana30H jiaB 
no cocTaBy jjocTaTonHO ninpox (ot aHjje^HTO- n Tpaxn6a3a;ibTOB jjo nnxpHTOBbix 
6a3a;ibTOB), hto neTxo (JmxcHpyeTcn no TaxHM rjiaBHbiM oxcnjjaM b hx cocTaBax, 
Kax Si0 2 (45—55 %), MgO (2—20 %), Ti0 2 (0,5—4 %), K 2 0 (0,05—3,5 %) n 
np. CTpyKTypbi jiaB ot acJmpoBOH n nopc^npoBon (name 5 — 10 % BKpanjieHHHKOB) 
k rjioMeponopcJmpoBOH, npnneM BKpanjieHHHKn o 6 biKHOBeHHO npejjCTaBjieHbi njia- 
rnoKjia30M, b to BpeM5i xax ocHOBHan Macca JiaB name HHTepcepTajibHan, non- 
KHjioocJ)HTOBan n TOJieHTOBan. CjiejjyeT nojjnepxHyTb, nTO noBceMecTHo 3 #ecb jiaeu 
onenb dednbi cepou (okojio 0,01 %). IIo neTporpac^nnecKOMy n xnMnnecKOMy 
cocTaBy jiaB, a Taxace nx CTpyxTypHbiM npH3HaxaM b cocTaBe ByjixaHoreHHOH TOJinm 
BbmejieHO 10 jiaBOBbix cbht (cHH3y BBepx) : HBaxHHCxan (iv), cbiBepMHHCxan (sv), 
ryAnnxHHCKan (gd), xaxaHnaHCxa n (hk) — Tyc^OBan, TyxjiOHCxan (tk), Hajjeac- 
mmcxan (nd) , MopoHroBexan (mr), MoxyjiaeBCxan (mk), xapaejiaxcxan (hr), 
KyMTHHCxan (km) n caMoe/jcxan (sm). Mexo/m H3 reojiornnecKnx n reoxnMnnecKnx 
^aHHbix, (JiKKcnpyeTcn Tpn OTana ByjiKaHH3Ma, a hmchho: paHHHH, cpejjHHii n 
no3AHnn (cooTBeTCTBeHHo, HBaxHHexoe — ryzpnixHHCxoe, xaKaHnaHCKoe — paHHe- 
MopoHroBCKoe n no3AneMopoHroBCKoe — caMoe/jcxoe BpeMn). 

flaTnpoBaHne 40 Ar/ 39 Ar mctoaom no njiarnoKjia3y n BajiOBOMy cocTaBy oc{)- 
(Jiy3HBOB HBaKHHCKon, cbiBepMHHCKoii, ryjjnHXHHCxoH h xapaejiaxcxon CBHT noxa- 
3ajio 243,5 — 245,3 mjih jieT, a jjjia pyjjoHocHoro HHTpy3HBa Hopnjibcx-I — 
248,7±2,4 h 249±2,4 mjih jieT no 6noTHTy H3 pyjjHOH acnjibi [Dairymple et al., 
1991], t. e. 6jih3xo x rpaHHii,e nepMb—Tpnac [Campbell et al., 1992]. IIo najieo- 
MarHHTHbiM ^aHHbiM 3. H. Jlmma, obpaTHyio nojmpHocTb hmciot jranib jiaBbi 
HBaXHHCXOH H BepXOB CaMOetfCXOH CBHT, JiaBbi Bcex OCTajIbHbIX CBHT pa3pe3a HMeiOT 
HopMajibHyio nojmpHocTb. OTCiojm cjiejjyeT, hto JiaBbi HBaxHHCxoii cbhtw 
H 3jiHBajiHCb b BepxHen nepMH, a Bee ocrajibHbie (oxojio 3,5 xm MomnocTH) — b 
HH acHeM Tpnace, TonHee b nepBbin TpnacoBbiH HHTepBaji HopMajibHOH nojmpHOCTH, 
xoTopbm, BeponTHO, cocTaBjmeT He 6ojiee 1 mjih jieT [Haag, Heller, 1991 ]. 

Ea3HTOBbie HHTpy3HBbi, corjiacHo o6o6meHHio nocjie^HHx HCCjiej^oBaHHH 
[flncTjiep, KyHHjiOB, 1994], MoryT 6biTb pa3AejieHbi Ha 8 TnnoB, a hmchho: 
eprajiaxcxHH-I h II h ceBepo-xapaejiaxcxHH (cySmejionHbie BbicoxoTHTaHHCTbie 
6a3HTbi), aBaMCXHH (HopMajibHOH mejionHocTH co epejmen THTaHHCTocTbio), a 
Tax^ce HpbHHCXHH, aM6apHHHCXHH-I H II, JjajmblXaHCXHH (HH3XOTHTaHHCTbie 6a- 
3HTbi HopMajibHOH mejionHocTH). OopMOH 3ajieraHH5i hx nBjmioTcn cnjijibi, peace 
/jaHXH (aBaMCXHH, aM6apHHHCXHH) . npoTnaceHHocTb chjijiob o6binHO He 6ojiee 
nepBbix jjecflTxoB xhjiomctpob npn MomnocTH jjo 100 m, pejjxo 6ojiee, c jio- 
xajiH3au,HeH name Bcero epe/m BepxHenajieo30HCXHx ocajjxoB. no npn3HaxaM 
6jIH3XOrO COCTaBa (X0HU,eHTpaiI,HH rjiaBHbix oxch/job, MHXp03 JieMCHTOB, cootho- 
meHHn pnjja HecoBMecTHMbix ojicmchtob) h MarHHTHbiM CBOHCTBaM, xax ycTaHOB- 
jieHo paHee [OejjopeHxo h jjp., 1984], cjiejjyiomHe Ttmbi HHTpy3HBOB xoMar- 
MaTHnHbi TaxHM cbohm 3({x{)y3HBHbiM aHajioraM: eprajiaxcxHH-I — Tpaxn6a3ajibTaM 
iv 1 noACBHTbi, eprajiaxcxHH-II — THTaH-aBrHTOBbiM 6a3ajibTaM iv 2 nojjCBHTbi, np- 
6hhcxhh — 6a3ajibTaM tk cbhtm, aM6apHHHCXHH-I — 6a3ajibTaM mr 2 —mk, aM- 
6apHHHCXHH-II — 6a3ajibTaM hr— sm, a aBaMCXHH h j^ajij^bixaHCXHH Tnnbi nBjmioTcn 
nocjiejiaBOBbiMH. 

CpejjH ductHpepeHu^upoeaHHbix 6a3um-yjibmpa6a3umoGbix u yjibmpa6a3um- 
6a3umoGbix unmpy3U606 b HacTOsmjee BpeMn BbmejimoTcn [flncTjiep, KyHHjiOB, 
1994 ] cjiejjyiomHe Tnnbi: 1) ({ioxhhcxhh (co cpejmeB3BeuieHHOH MarHe3HajibHocTbio 
18—22 %), 2) xyjiraxTaxcxHH (HHorjja nonra cnjiomb nnxpHTOBbie), 3) HHacHe- 
TajiHaxcxHH (cp. B3Bem. MgO = 15—23 %), 4) MopoHroBCXHH (HHorjja cnjiomb 
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nmcpHTOBbie), 5) hophjibckhh (cp. B3Bem. MgO = 10—12 %). ripeACTaBjraioT ohh 
co6oh pan ot nojiHocTbio 6e3pyAHoro nepBoro Hepe3 oneHb 6e/jHyio h 6e£Hyio 
pacceHHHyio BKpanjieHHocTb BToporo, TpeTbero h neTBepToro thiiob ro npoMbinuieH- 
HO-pyAOHOCHbIX HHTpy3HBOB nflTOrO — HOpHJIbCKOrO THna, Ha KOTOpOM OCTa- 
hobhmc5i 6ojiee noApo6HO. K HeMy othochtch nojraoOTcM^epeHijHpoBaHHbie HHTpy- 
3HBbI C pa3JIHHHOH CTeneHbK) py^OHOCHOCTH, B TOM HHCJie npOMblUIJieHHO-pyAOHOC- 
Hbie HHTpy3HBbi, HMeiomne MaccHBHbie cyjib(J)HAHbie pyzjbi: BepxHeTajmaxcKHH 
(HHor^a noApa3Aeji^eMbiH Ha TajraaxcKHH h XapaejiaxcKHH) h HopnjibCK-I (pnc. 3). 
Bee py^OHocHbie HHTpy3HBbi npe/jCTaBjiHioT co6oh (3a HCKjnoneHHeM /jaHKOo6pa3- 
hoto — HopHjibCK-II) b rjiaBHOH CBoen Hacra paccjioeHHbie nojioroceKymne cy6cor- 
jiacHbie njiacTOBbie Tejia jieHTOBH/jHO h c{)opMbi c OTBeTBjieHHHMH. B 6opTOBbix nacT5ix 
ohh HMeiOT men5mjHHC5i xapaKTep, HHor/ja c KpyToceKymHMH jjaHKonoAo6HbiMH 
KpaeBbIMH HeAH(J)({)epeHU,HpOBaHHbIMH OKOHHaHH5IMH, npH^aiOmHMH HM XOHOJIHTO- 
noAo6Hyio ({lopMy 3ajieraHH5i, xax y HHTpy3HH HopnjibCK-I [ro/yieBCKHH, 1959]. 
XapaejiaxcKHH HHTpy 3 HB pacnojiaraeTca b CTpaTHrpacJmHecKOM pa3pe3e Han6ojiee 
rjiy6oKO — b oca/jicax ^eBOHa (b KypencKOH, pa3BejjOHHHHCKOH h MaHTypoBCKOH 



Phc. 3. CxeMaTHnecKHe xapTbi, noKa3biBaiomHe npHnoBepxHocTHbie orpaHHneHHH 
no jiho AH(J)({)epeHu,HpoBaHHbix py^oHocHbix HHTpy3HH Hopn jibcko-T a jiHaxcKoro 
panoHa [Czamanske et al., 1994]. Ba panoHa pa3AejieHbi npH6;iH3HTejibH0 15 km 
B/ jojib HopnjibCKO-XapaejiaxcKoro pa3JiOMa (cm. — a — 7, 6 — 3). 

a — HHTpy3HH TajmaxcKoro pafiOHa ( 1 — TajmaxcKasi, 2 — Xapaejiaxcxasi) c noxa30M MaccMBHbix 
py^Hbix Teji y mx hm>khmx KOHTaxTOB mjim HM>xe hmx (3) m 6ypoBbie ckb. ( 4 ): onpo6oBaHHbie (1 — 
K3-868); 2 — rjiaBHoe xapaejiaxcxoe py/jHoe Tejio; 3 — K3-1879; 4 — CT-28; 5 — K3-1799; 6 — 
K3-1713). 

6 — MHTpy3MM HopMjibCKoro pawoHa, pacnojioxceHHe onpo6oBaHHoii 6ypoBOw ckb. HII-29 (2) m py/jHHKa 
OTKpbITbIX pa60T Me/JBOKHH pyHCM (1). riOKa3aHO, HTO MHTpy3MM pa3JIMHaiOTC5I (})OpMOM M Ha3BaHMCM 
(I — HopMjibCK-I, II — ,H;Byrop6MHCKa5i s III — HopmibCK-II, IV — HepHoropcxasi, V — IO>kho- 
HOpMJIbCKaSl). 
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CBHTax), TajiHaxcKHH — 3a;ieraeT yace MeHee rjiy6oKO cpeAH oca^KOB TyHryccxoii 
cep™, a HopHjibCK-I jioxa;iH3yeTC5i b crpararpacimHecxoM pa3pe3e eme Bbirne, b 
rjiaBHOH CBoeH nacTH noAHHMaacb ao HaAeacAHHCxoii cbhtbi ByjixaHoreHHOH tojihjh 
[Kopobhkob h a p., 1963; HBaHOB h ap., 1971; flncTjiep, KyHHjiOB, 1994]. 

B pa3Ayeax HHTpy3HBHbie Tejia aocth raiOT mohjhocth 350 m, o6biHHo ace b 
npe^ejiax 100—200 m BbixjmHHBaacb ao hojih b 6opTOBbix nacTHx [ZJoahh, BaTyeB, 
1971]. BKpanjieHHbie pyAti o6biKHOBeHHO pacnojiaraiOTca b ocHOBaHHH pa3pe3a 
HHTpy3HBa, HMeeTCH 6e^HaH BKpanjieHHOCTb Taxace b BepxHHx nacTHx pa3pe3a 
[reHKHH h Ap., 1981; flioacHxoB h ap* 5 1988 ]. 3ajieacn njiacToo6pa3Hbix MaccHBHbix 
CyjIb(J)HAOB (AO 40 M MOmHOCTH) JIOKajIH3yiOTC5I B nopOAaX HH/KHerO 3K30KOHTaKTa, 
peace SHAOKOHTaxTa (pnc. 4). B BepxHeTajraaxcKOM HHTpy3HBe H3BecTHbi Taxace 
MaccHBHbie cyjib(J)HAbi h b BepxHeM 3X30X0HTaxTe (pnc. 5), ho MeHee MomHbie h 



Phc. 5. THnoBoii cxeMaTHnecxHH pa3pe3 paccjioeHHoro CTpoeHHH pyAOHOCHbix 
HHTpy3HH HopHAbcxoro rana c HHacHHMH h BepxHHMH nerMaTOHAaMH h opyAe- 
HeHneM, b tom HHCjie MaccHBHbiMH pyAaMH [Distler, 1994, c. 250]. 

ripHBOflHTCsi 3^ecb >xe rpacjDMqecxoe H3o6pa>KeHHe cooTHOineHHsi ojieMeHTOB, b tom qncjie 3nr (PGE) b 
TajiHaxcKMX Cu-Ni py^ax. 3auiTpHXOBaHHbie MecTa noxasbrnaiOT ^nana30H Ka>K^oro m 3 napaMeTpoB PGE. 
OnMcaHMe reojiorMHecKOM kojiohkh cm. b TexcTe: 1 — MeTaMopcj)H30BaHHbie BMemaiomne oca^OHHbie 
nopo^bl C npOJKMJIKOBO-BKpanJieHHbIMM py^aMM H OflHOpOflHbIMH H 30HajIbHbIMM py^HblMM TejiaMM 
MaccHBHbix cyjibcjDM^OB (2); 3 — 6e30JiHBMH0Bbie r-fl h KOHTaxTOBbie ^ojiepHTbi m 4 — TaxcMTOBbie 
OJIMBMHOBbie r-A c BKpanJieHHbIMH py^aMM C KCeHOMOpcjiHbIMM npOJKMJIKOBM^HblMM CyjIb(j3M^HbIMM 
arperaTaMM. IJopodbi zmenou paccjioenHOu cepuu : J — nmcpHTOBbie r-jx, ruiarMOOJiMBMHMTbi c 
KJIMHOnMpOKCeHMTaMM M TpOKTOJIMTaMM C BKpailJieHHblMM py^aMM KanJieBM^HblMM M MHTepCTMUMajIbHbIMM 
arperaTaMM; 6 — ojiMBHH-6HOTHTOBbie m OJIMBMHOBbie r-^ (6e3py;jHbie); 7 — ojiHBHHCOflepxcamHe, 
6e30JiMBMH0Bbie m KBapijcoflep>KamMe 6e30JiMBMH0Bbie r-^ (see 6e3py^Hbie); 8 — npM3MaTMHecKM- 
3epHMCTbie ra66po-AOJiepMTbi, ra66po-,ijnopHTbi w ^MopMTbi; 9 — xpoMHTOHOCHbie TaxcMTOBbie ra66poM^bi 
c pe^KOM cyjib(j3H£HOM BKpanjieHHOCTbio; 10 — jieMKOxpaTOBbie aHopTHTOBbie ra66po, aHopT03MTbi m 
KOHT axTOBbie ra66po- ( aojiepHTbi, Bee c pe^KOM cyjibcjiM^HOM BKpanjieHHOCTbio; 12 — ByjixaHoreHHbie m 
oca^OHHbie MeTaMopcj3M30BaHHbie BMemaiomne nopo^bi c npoxcMjiKOBO-BKpanjieHHbiMM py^aMM m 
>KMJIbHbIMM TejiaMM MaCCMBHbIX CyjIbCjlM^OB (11). 
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fie^Hbie no;ie3HbiMH xoMnoHeHTaMH. H3Becrao [flncTjiep, KyjmjiOB, 1994], hto 
Macca cyjibc})HAOB (BMecre c MaccHBHbiMH) cocTaBjraeT 0,2 % b HHTpy3HBe Ho- 
pHjibCK-I, 3 % b TajiHaxcKOM h 7 % b XapaejiaxcKOM. 

B cjia6opyn;OHOCHbix HHTpy3HBax CHHacaiOTcm CTeneHb £H(J)({)epeHij,HpoBaH- 
hocth, ROJin nHKpHTOBoro AH({)(t)epeHii,HaTa BnjioTb ro nojiHoro' OTcyTCTBHH, cpe/j- 
HeB3BemeHHaH MaraesnajibHOCTb ao 8—9 % h nposiBjieHHe BKpanjieHHOH cyjib- 
MHHepajIH3aiI,HH npH nOJIHOM OTCyTCTBHH MaCCHBHbIX CyjIbCfmAOB [fllO- 
3CHKOB H ftp., 1988]. no MOpcJ)OJIOrHH H MOIIJHOCTH OHH 6jIH3KH K py^OHOCHWM, 
3aMeTHO OTjiHHasiCb no BHyTpeHHOMy CTpoeHHio, n pacnojiaraiOTCH nrnpe b CTpa- 
rarpactmnecxoM pa3pe3e — ot ocazjxoB cnjiypa ao hh30b MopoHroBexoH CBHTbi 
ByjiKaHoreHHon tojiiijh. 

Ecjih rjisl HH^cHeTajmaxcKoro n MopoHroBCKoro TnnoB HHTpy3HBOB cbohctbch- 
hw nocTosiHHo HH3Kne co/jepacaHHfl Cr (30—280 ppm), He 3aBHCHMO ot MarHe3Hajib- 
hocth nopoA, to rjisl HHTpy3HBOB HopHjibCKoro rana xapaKTepHa obmaa oborameH- 
HOCTb Cr Ojo 3000—5000 ppm), npaB/ja npn 3HannTejibHOM BapbnpoBaHHH ero 
coAepacaHHH no pa3pe3y (b BepxHnx TaxcHTax ^aace no Hecxojibxo Mac .%). 
noAofiHasi ace xapraHa Habjiio^aeTCfl npn conocTaBjieHnn srax TnnoB HHTpy3HBOB 
n no co^epacaHHio Ni, oSeAHeHHOCTb kotopbim HMeeT MecTO Ajm HHacHeTajraaxcxoro 
n MopoHroBCKoro TnnoB. no p5my reoxHMnnecKHx xapaxTepncrax (cooTHomeHneM 
P33, OTHomeHHiiM Th/U, Ta/La) HHTpy3HBbi HopnjibCKoro rana cooTBeTCTByioT 
6a3a;ibTaM no3#Hero OTana ByjncaHH3Ma (6o;iee 6jih3kh k mr 2 —mk jiaBaM), ho 
HMeiOT 6o;iee Bbicoxyio pa/jHoreHHocTb Sr (cm. pnc. 7). Ba3HTOBbie AH(tx{)epeHij,HaTbi 
py^OHOCHbix HHTpy3HBOB He HMeiOT KaKoro-jiH6o o6eAHeHH5i hjih oborameHnn Cu, 
Ni h 3nr (PGE) no cpaBHeHHio c 6a3ajibTaMH mr 2 —sm cbht. Cyzjsi no hh3khm 
cooTHomeHH5iM Ce/Yb h La/Sm, HeT 3aMeraoH xopoboh KOHTaMHHHpoBaHHOcra b 
HHTpy3HBax HopHjibCKoro rana. MHTepecHo OTMerara, hto cooTHomeHne HHTpy- 
3HBOB HH/KHeTajIHaXCKOrO H HopHjibCKoro ranOB B HopHJIbCKOM py^HOM y3Jie HH/Ke, 
neM b TajmaxcKOM. no ocoSchhoctsim BHyTpeHHero CTpoeHHn cpe^n rh c^e- 
peHn,HpoBaHHbix HHTpy3HBOB Taxace pa3jinnaiOT [3o;iOTyxHH, BujieHCXHH, 1978; 
JX loacnxoB h aP-, 1988; h AP-]: nojmoAHcJ^epeHijHpoBaHHbie HHTpy3HBbi Hopnjibcxo- 
TajmaxcxoH rpynnbi, jienxoxpaTOBbie AHctxkepemjHpoBaHHbie HHTpy3HBbi 3y6oB- 
cxoh rpynnw h MejiaHoxpaTOBbie AncJ^epeHijHpoBaHHbie HHTpy3HBbi MopoHroBexo- 
Hn^cHeTajmaxcxoH rpynnw. no HamnM npe^CTaBjieHHHM [3o;iOTyxHH, BmieHCXHH, 
1978], ora ranw ^HcJxtiepeHijHpoBaHHbix HHTpy3HBOB b Taxon ace nocjie^OBaTejib- 
hocth MoryT 6biTb coBMemeHbi b oahom npoTsiaceHHOM smejiOHnpoBaHHOM norpyaca- 
K>meMC5i HHTpy3HBHOM Tejie c nocjieAOBaTejibHWM yMeHbineHHeM ero CTeneHH 
OT({x{)epeHii,Haii,HH, pa3BHrasi ochobhwx nerMaTOH/jOB n HHTeHCHBHocra opyzje- 
HeHH 51. 
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2. rJIABHblE OCOBEHHOCTH BHYTPEHHErO CTPOEHHH H COCTABA 
HOPHJIbCKHX PYAOHOCHbIX HHTPY3HBOB H HX IIErMATOHAOB 


KaK yjxe ynoMHHajiocb Bbirne, HopHjibCKHe pyAOHOCHbie rHnep6a3HT-6a3HTOBbie 
HHTpy3HBbi npeACTaBjiaioT co6oh MajiOMomHbie (MaKCHMajibHO — nepBbie cothh 
M eTpoB), o6biHHO nojioroceKymne 5i3bixoBHAHbie, HHor/^a BeTB5mjHecfl Tejia c ajihhoh 
b nepBbie AecaTXH khjiomctpob, ihhphhoh — b nepBbie KHjioMeTpbi h pacnojiaraiOTca 
b CTpararpactm^ecKOM pa3pe3e nexjia Ch6hpckoh iuiaTc{)opMbi ot AeBOHa ao hh3ob 

ByjIKaHOreHHOH TOJIIIJH BKJIIOHHTeJIbHO. 

rjiaBHbie OCo6eHHOCTH 3THX HHTpy3HBOB CJieAyiOmHe: 

1. riojiHOAH({)({)epeHii,HpoBaHHoe paccjioeHHoe hx BHyTpeHHee CTpoeHHe. 

2 . flocTaTO^HO MarHe3HajibHbm cpeAHeB3BemeHHbiH cocTaB (b Anana30He co- 

Aep^caHHH 10—12 Mac.% MgO). 

3. IIpHCyTCTBHe B HHX r0pH30HT0B HepaBHOMepHO _ 3epHHCTbIX aTaKCHTOBbIX H 
KpynH03epHHCTbix nopoA, oxa3aBiiiHxc5i, xax BbracHHjiocb [3ojiOTyxHH, 1964], 
CBoeo6pa3HbiMH 6a3HTOBbiMH nerMaTOHAaMH. 

4. IIpHCyTCTBHe b hhx cyjibtJiHAHoro Cu-Ni opyAeneHHH c njiaTHHOHAaMH, b 
tom HHCJie c MaccHBHbiMH pyAaMH. 

5. TecHbie npocTpaHCTBeHHbie h BecbMa Bepo^THbie reHeTHnecxHe CB5I3H hx c 
6a3HTOBbiMH pacnjiaBaMH, o6pa30BaBuiHMH MomHyio TOJimy (6ojiee 3,5 km) jiaB 
Ch6hpckoh ({)JiyA6a3ajibTOBOH (TpannoBon) nepMO-TpnacoBOH npoBHHii,HH, b C3 
nacTH Ch6hpckoh njiaT({)opMbi [Co6ojieB, 1936; 3ojiOTyxHH h ap*, 1986]. OcTa- 

HOBHMC5I Ha 3THX OCo6eHHOCT5IX 6oJiee nOAPo6HO. 

PaccjioeHHoe CTpoeHne pyAOHOCHbix HopnjibCKHx HHTpy3HBOB ({mKcnpyerai bo 
BpeMH npou,ecca KpHCTajuiH3aii,HH MaTepHHCKoro pacnjiaBa, BHeApnBiiierocsi b 
HHTpy3HBHyio xaMepy, h npeACTaBjieHO, He CHHTaa KOHTaKTOBbix ra66po-AOJiepHTOB, 
cepneH AncJxtiepeHijHaTOB (cHH3y BBepx no pa3pe3y): nHKpHTOBbiMH (6ojiee 25 % 
MarHe3HaJIbHOrO OJIHBHHa), OJIHBHHOBbIMH (AO 10 % OJIHBHHa) H 6e30JIHBHH0BbIMH 
ra66po-AO^epHTaMH (t-a). B xanecTBe BTopocTeneHHbix OTMeneHbi nepHAOTH$bi 
(6ojiee 50 % MarHe3najibHoro OJIHBHHa), 0JiHBHH-6H0THT0BbiH r-A (6o;iee 10 % 
OJIHBHHa) h ra66po-AHopHTbi, BnjiOTb ao rpaHHTonoAo6Hbix rn6pHAHbix npHxpoBejib- 
hhx nopoA- Moiahoctb AH(}x})epeHii,HaTOB BapbnpyeT b npeAejiax nepBbix aochtkob 
MeTpOB, HO Han6oJiee MOHJHblM B 3THX HHTpy3HBaX o6bIHHO 5IBJI5ieTC5I T0pH30HT 
ojiHBHHOBbix r-A, k cocTaBy KOToporo yjxe npH6jiHJxaiOTC5i cpeAneB3BemeHHbie 
cocTaBbi pyAOHOCHbix HHTpy3HBOB. ConocTaBjieHHe cocTaBa AH(Jx})epeHii,HaTa nnx- 
Phtobmx r-A (a Taxace TaxcHTOBbix r-A h ra66po H3 BepxHHx h hh^khhx toph30htob) 
CO CpeAHeB3BemeHHbIMH COCTaBaMH COOTBeTCTByiOIUHX HHTpy3HH HopHJIbCKOrO 
panoHa npHBOAHTca b Ta6;i. 1 (cm. TaKJxe Ta6;i. 4, 6, 7)*. Mojkho bhactb ropa3AO 
6ojiee 3HanHTejibHbiH pacceB cocTaBOB nHxpHTOBbix r-A no cpaBHeHHio co cpeAHe- 
B3BemeHHbiMH COCTaBaMH HHTpy3 hbob , hto o6b5iCHaeTC5i, oneBHAHo, HepaBHOMep- 


* £jih y^o6cTBa conocTaBjieHHH ^aHHbix Bee Ta6jimjbi BbiHeceHbi b IIpMjio>KeHMe I. 
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HbiM nx o6orameHHeM KyMyjiaTaMH oAHBHHa. Ha oco6eHHocT5ix t axcnTOBbix nopoA 
n ra66po mm ocraHOBHMca HecKOJibKO no3Jxe. 06ih;hh cnexTp xHMnnecxnx cocTaBOB 
nopoA-AH(J)(t)epeHii,HaTOB paccAoeHHon cepnn H3 Bcex BeTBeii pyAOHocHoro BepxHe- 
TajiHaxcKoro HHTpy3HBa AeMOHCTpnpyioT AaHHbie Ta6;i. 2 n psiA Ta6AHii, b Harnen 
paHHen pa6oTe [3oAOTyxnH n ap*, 19751. Ha cboahoh AnarpaMMe A. H. 3aBapmi,KO- 
ro [TaM ace] Ha6jiK>AaeTC5i npaxTnnecxn HenpepbiBHaa 3BOAK>u,noHHa5i cepna 
COCTaBOB nopOA OT 6e30AHBHH0BbIX AO IIHKpHTOBblX r~A, (jjHXCHpyeMafl eAHHbIM 
TpeHAOM Rjin Bcero HHTpy3HBa. BoAee nojiHbie xHMnnecxne n reoxHMnnecxne 
AaHHbie Rjin p5iAa H36paHHbix o6pa3ii,OB no pa3pe3y paccAoeHHon cepnn BepxHeTaA- 
HaxcKoro HHTpy3HBa npnBOA^Tca b Ta6;i. 3. 3accb ace HMeeTca n p^A HHAHKaTopHbix 
reoxHMnnecKHx n neTpoAornnecxnx noxa3aTeAen. 

OcHOBHbie nerMaTOMAw npeACTaBAeHbi „hhjkhhmh” h „BepxHHMn” ropn30H- 
TaMH, o6mhho npnyponeHHMMH k HHJKHeMy n BepxHeMy 3HAOxoHTaxTaM (cm. pnc. 4, 
5) HHTpy3HBa, H CJiaraiOTC5I XaX HepaBHOMepHO-3epHHCTbIMH TaXCHTOBbIMH r-A, Tax 
H paBHOMepHO-3epHHCTbIMH MCJiaHOKpaTOBblMH (TpOKTOJIHTbl—TajIHaXHTbl) H JieH- 
KOKpaTOBMMH nopoAaMn (nerMaTOHAHbie ra66po). Kax noxa3aHO paHee [3oao- 
TyxHH, 1964; 3oAOTyxnH, BacnjibeB, 1967; 3oAOTyxnH n AP-, 1975], 3th ropn30HTbi 
He bxoa^t b cocTaB paccjioeHHOH cepnn h, npeACTaBAaa co6on CBoeo6pa3Hbie 
nerMaTOHAM, hbahiotch 6oAee no3AHHMH o6pa30BaHH5iMH n HaAOJxeHbi Ha nopoAw 
paccjioeHHOH cepnn, 3aMema5i nx. npn 3tom b 3HannTeAbHon Mepe coxpaH5ieTC5i nx 
xhmh3m, ho H3MeHHeTC5i CTpyxTypa, TexcTypa, a Taxace cocTaB n xoHu,eHTpau,H5i 
pyAHbix MHHepaAOB. XnMHnecxne aHaAH3bi Bcex pa3H0BHAH0CTen hiuchux neaMa- 
moudoG H3 BepxHeTajraaxcxoro HHTpy3HBa npeACTaBAeHbi b Ta6ji. 4. npnBOA^Tca 
HOpMaTHBHbie COCTaBbI 3THX nopOA (b Mac. % HOpMaTHBHbIX MHHepaAOB), Aaiomne 
npeACTaBAeHne o cpeAHnx cocTaBax 3thx BecbMa cnjibHo Bapbnpyiomnx nopoA Kax 
no cocTaBy caMnx MHHepa jiob , Tax n no nx xoAnnecTBy. TaxnM o6pa30M noAynaeM 
Anana 30 H cocTaBOB rjisi OAHBHHa ot 10 ao 36 % Fa xoMnoHeHTa npn xoAnnecTBe 
ot 6 ao 40 % n 6oAee ot ofi-beMa nopoAw. OaxTnnecxn ero xoAnnecTBO 6yAeT 
3aMeTH0 6oAbinnM 3a cneT noAynnBinerocfl 3Aecb HopMaTHBHoro opTonnpoxceHa 
(6—27 % ), yHHTbiBaa, hto MOAaAbHbin opTonnpoxceH b nerMaTOHAax npncyTCTByeT 
b xoAnnecTBe He 6o;iee nepBbix npou,eHTOB. 

KAHHonnpoxceH, hm ea b cbocm cocTaBe ot 10 ao 48 % reAeH6eprnTOBoro 
xoMnoHeHTa, cocTaBjiaeT ot 5 ao 24 % ofi-beMa nopoAw. 

njiarnoxjia3 HMeeT b cocTaBe ot 87 ao 60 % An xoMnoHeHTa, CAaraa ot 20 ao 
58 % ofi^eMa nopoAw, xpoMe toto b nAarnoxAa3 bxoaht eme He6oAbinoe xoAnne- 
ctbo opToxAa30Boro xoMnoHeHTa (1 — 5 %). CyMMa HopMaTHBHbix pyAHbix MHHe¬ 
pa jiob BapbnpyeT ot 2,5 ao 25 % n 6ojiee. flocTaTOHHO 6AH3xne ou,eHxn noAynaiOTC5i 
AJI5I MOAaAbHbIX COCTaBOB OAHOHMeHHbIX MHHepaAOB <Ta6jI. 5) [3oAOTyXHH, Ph6ob, 

1970; Psi6ob, 3oAOTyxHH, 1977]. 

npHBOA^TCH xHMnnecxne aHajiH3M eepxnux neaMamoudoe a^ P^Aa pyAOHOC- 
hmx HopnAbcxnx HHTpy3HBOB (Ta6A. 6), b xoTopbix Anana30H COAepAtaHHil MgO 
name cocraBjraeT 6—9 Mac. %, xotsi 6biBaeT ropa3AO 6oAbine b CAynae npncyTCTBHii 
B HHX MaAOMOIAHMX BepXHHX nHXpHTOBbIX ra66pO-AOAepHTOB C XpOMHTOM (cm. 

Ta6A. 6, aH. 7, 8, 1, 2). KoMnAexcHbie xHMnnecxne n reoxnMnnecxne AaHHbie Rjm 
H36paHHbIX o6pa3U,OB H3 OCHOBHbIX neTMaTOHAOB B HHTpy3HBaX HopnAbcxoro THna 
npHBOA^TCH b Ta6A. 7, rAe HMeeTC5i n psiA HHAnxaTopHbix OTHOineHnn a^ conoeraB- 
AeHHH C TaXOBbIMH nopOA paCCAOeHHOH cepnn HHTpy3HBOB. MoACHO BHACTb, HTO HeT 
neTxnx npn3HaxoB, no xotopbim 6m Te n Apyrne motah 6mtb 3axoHOMepHO 
pa3AeAeHbi. 
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BMeere c TeM, Ha nocTpoeHHbix hemh A^arpaMM 3to CTajio B03M0ACHbiM. 
Tax Ha ^narpaMMax, CB5i3biBaiomHx BejiHHHHy K 2 0/(K 2 0 + Na 2 0) c BejiHHHHaMH 
MgO/Ti0 2 (cjmr. 1)* h MgO (cjmr. 2) rjisi nopoA nerMaTOHAOB h paccjioeHHOH cepHH 
py^OHOCHbix HHTpy3HBOB, Bbi^Bji5ieTC5i BbiT5iHyTOCTb noA5i OCHOBHbIX nerMaTOHAOB 

B^ojib och K 2 0/(K 2 0 + Na 2 0), a nojisi nopoA paccjioeHHOH cepHH — BAOAb ocen 
MgO h MgO/Ti0 2 . 3to yKa3biBaeT Ha SoAbinyio KajineBOCTb nerMaTOHAHoro 
pacnAaBa no cpaBHeHHio c paauiaBOM, hcxoahbim aah rAaBHoro TeAa HHTpy3HBa. 
CpeAHeB3BeineHHbie COCTaBbI TAaBHblX HOpHAbCKHX pyAOHOCHbIX HHTpy3HBOB 3a- 
HHMaiOT Ha A^arpaMMax noAoaceHHe, 6AH3xoe k u,eHTpaAbHOH nacTH rAaBHoro 
nerMaTOHAHoro noA5i. 3Aecb cxa3biBaeTC5i 6oAbinoH bkaaa b KaAHeBOCTb cpeAne- 
B3BemeHHbIX COCTaBOB HHTpy3HH CO CTOpOHbl nopOA nerMaTOHAHbIX T0PH30HT0B. 
Tohxh h hhachhx, h BepxHHx nerMaTOHAOB cpaBHHTeAbHO paBHOMepHO pacnpe- 
ACAHAHCb no oSmen nAomaAH 6a3HTOBbix nerMaTOHAOB, hto He AaeT 0CH0BaHH5i 
reHeTHnecKH otacahtb oahh ot Apyrnx. HacTb nerMaTOHAOB xax BepxHHx, Tax h 
HHyKHHX T5irOTeiOT Ha A^arpaMMe K MeCTOnOAOACeHHIO epeAHHX no XOHTaXTOBbIM H 
6e30AHBHH0BbiM r-A, yxa3biBa5i Ha nepBOHanaAbHbiH cy6cTpaT, npn nepenAaBAeHHH 
KOToporo o6pa30BaAHCb 3th nerMaTOHAbi. IIoATBepACAeHHeM 3Toro 5iBA5ieTC5i npn- 
yponeHHOCTb ciOAa ace cpeAHero no TaxHAHTaM, (JiopMHpyiomHM xoe-rAe achaoo6- 
pa3Hbie TeAa b xpoBAe BepxHeTaAHaxcxoro HHTpy3HBa [3oAOTyxHH h ap«, 1975]. 
MHTepeCHO OTMCTHTb, HTO TpeHA 6a3aAbTOBbIX CBHT (CM. (J)Hr. 2) XaX 6bl OXaHMA5ieT 
hhachiok) noAOBHHy noA5i nerMaTOHAOB, He nepecexaa ero, ho b to a ce BpeMii 
nepecexaa ABaacAbi noAe paccAoeHHOH cepnn pyAOHOCHbix HHTpy3HBOB. 

no B bITHHy TOCTH nOACH Ha AHarpaMMe (X03({xi)HIl,HeHT (J)paXU,HOHHpO- 
BaHH5i) — K 2 0/ (K 2 0 + Na 2 0) moacho yTBepacAaTb, hto neTxo 3BOAiou,HOHHpyeT no 
He TOAbXO paCCAOeHHa^ CepH51 pyAOHOCHbix HHTpy3HBOB, HO H HX OCHOBHbie 
nerMaTOHAbi (cjmr. 3). OAHOBpeMeHHO ohh 3BOAioii,HOHHpyioT h no xaAHeBocTH, 
npnneM b pa3HOH Mepe — 6oAee HHTeHCHBHO nopoAbi nerMaTOHAOB h 3aMeTHO MeHee 
HHTeHCHBHO nopOAbl paCCAOCHHOH CepHH. OCHOBHbie nerMaTOHAbi 3BOAIOIl,HOHHpyiOT 
no He TOAbxo 3a cneT yHacAeAOBaHHsi nepenAaBA5ieMbix nopoA npn o6pa30- 
BaHHH BTopHHHoro nerMaTOHAHoro pacnAaBa, ho h 3a cneT no5iBAeHH5i b hhx pyAHbix 
MHHepaAOB, npHBHOca b hx cocTaB AceAe30, npnneM hbho b 6oAee 3HanHTeAbHOM 
xoAHnecTBe, neM b nopoAax paccAoeHHOH cepHH. Hmchho 3a cneT 3Toro TpeHA 
ocHOBHbix nerMaTOHAOB no a aace npeBbimaeT no npoTsnxeHHocTH TpeHA paccAO- 
eHHOH cepnn no K^. 3to noATBepacAaeT A^arpaMMa S o6lu —(({ mr. 4). Ha Hen 
bhahm, hto noHTH Bee nopoAbi paccAoeHHOH cepnn o6pa3yiOT neTXHH TpeHA bo bccm 
Anana30He c MaAbiM, ho 3axoHOMepHbiM B03pacTaHHeM coAepacaHHa S. Hcxaio- 
neHne coeraBAiiioT opyAeHeAbie nnxpHTOBbie r-A, pacnoAaraiomHecsi Ha AnarpaMMe 
Bbirne, A^Aexo 3a npeAeAaMH ynoM5iHyToro TpeHAa, b HanaAe xoToporo npn caMbix 
hh3xhx pacnoAaraiOTca AHinb HeopyAeHeAbie nnxpHTbi. K TpeHAy paccAoeHHOH 
cepHH 5IBHO T5irOTeeT TpeHA MaAOCyAb(J)HAHbIX BepXHHX nerMaTOHAOB, XOTOpblH c 
noBbiineHHeM coAepAcaHHH cepw nepexoAHT b o6mee noAe nerMaTOHAOB, a 3aTeM — 
b noAe hhachhx nerMaTOHAOB. npn 3tom caMa xoH({)Hrypaii,H5i nAomaAH 3thx 
nerMaTOHAOB o6pa3yeT hctxhh TpeHA, cJinxcnpyioiAHH pe3xoe B03pacTaHne coAep- 
AcaHHii cepbi c B03pacTaHneM nopoA. 06oco6AeHHo ot 3toto TpeHAa nerMaTOHAOB 
pacnoAaraiOTC5i opyAeHeAbie nnxpHTbi ochobhoh paccAoeHHOH cepnn b o6AacTH 
HH3XHX K^. MOACHO BHACTb, HTO HMCHHO CyiljeCTBeHHOe nOBbllHCHHe XOAHHCCTBa 


* 3/jecb m /jajiee rpacJjMKM (cj^Mr. 1—34) cm. npmiojKCHMe II. 
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cepbl, CB5I3aHHOH C 7KtJlt30M B Cy JlbC^HflaX, JJOJDKHO KOCBeHHO o6yCJIOBJIHBaTb 
3HaHHTejibHbiH pocT BejiHHHHbi b nerMaTOHjjHbix nopo/jax. 

Ha AnarpaMMe jjjih THTaHa Ti0 2 — MgO (c})Hr. 5) xoHcJiHrypaijHH nojien pac¬ 
cjioeHHOH CepHH H nerMaTOH^OB pyjJOHOCHbIX HHTpy3HH ACMOHCTpHpyeT np^Myio 
3aBHCHMOCTb MgO h Ti0 2 nasi nerMaTOH^OB, a jym paccjioeHHOH cepHH, xax h rjisl 
cepnn 6a3a;ibTOBbix cbht, o6paTHyio. B ijeHTpajibHOH uacra jjnarpaMMbi Ha6jnojja- 
erai nepexphiTHe nojien nerMaTOH/jOB, paccjioeHHOH cep hh h TpeH/ja 6a3a;ibTOBbix 
cbht. HanHHa h co CBHTbi nd 3 , TpeHA 6a3a;ibTOBbix cbht nojiHocTbio coBna^aeT c 
paccjioeHHOH cepnen, Bxjnouan cbhtbi TyKjioHCKyio (6a3a;ibTOBbie h nHKpHTOBbie 
jiaBbi), MopoHroBCxyio h MOKyjiaeBCKyio. B to ace BpeM5i rpynna 6a3a;ibTOBbix cbht 
(iv, sv, nd 1 _ 2 , gd) He coBnajjaeT c nojieM paccjioeHHOH cepnn. r y/piHXHHCXHe 
6a3a;ibTbi h nHKpHTbi, b nacTHocTH, HaxojjHTCH Ha jjnarpaMMe na 6o;ibmoM y^ajieHHH 
ot nojra paccjioeHHOH cepHH. Otmcthm, uto c nojieM nerMaTOHjjOB (b u,ejiOM) b 
B epxHen ero uacra coBnajjaeT rpynna cpeAHeB3eineHHbix cocTaBOB, nojjcuHTaHHbix 
no pyjJOHOCHbIM HHTpy3HHM H HX BeTBHM, a Taxace epe^HHX COCTaBOB HX AHtJxJie- 
peHU,HaTOB, TaKCHTOB, TajIHaXHTOB H TaXHJIHTOB. 

Ha AnarpaMMe ajih xpoMa Cr — MgO ((Jmr. 6) nojie paccjioeHHOH cepnn 
py^OHOCHbix HHTpy3HH coBna^aeT c TpeHjjoM 6a3ajibTOBbix cbht h j^eMOHCTpnpyeT 
ueTxyio npHMyio 3aBHCHMOCTb Cr h MgO. Ha jjnarpaMMe noHBjineTCH yace jjBa nojra 
nerMaTOHjjOB: 1) HnacHee — Rjm HH3KoxpoMHCTbix nerMaTOH/jOB (b ijejiOM), Bepx- 
H5m nacTb KOToporo othochtch k HH3KoxpoMHCTbiM BepxHHM nerMaTOHjjaM H 
2) BepxHee — jjjih BbicoxoxpoMHCTbix BepxHHx nerMaTOHjjOB. C nojieM paccjioeHHOH 
cepnn nacTHHHo nepexpbiBaeTCH HnacHee HH3KoxpoMHCToe nojie nerMaTOH/jOB (b 
u,ejiOM). 

Ha AnarpaMMe ajih HHxejra Ni — MgO (cjmr. 7) nojie paccjioeHHOH cepnn 
pyAOHOCHbIX HHTpy3HBOB B 3HaHHTejIbHOH Mepe COBnajjaeT C TpeHAOM 6a3ajIbTOBbIX 
cbht. B u,eHTpajibHOH uacra nojie paccjioeHHOH cepnn uacTHUHO nepexpbiBaeTCH 
nojieM nerMaTOHjjOB (b u,ejiOM). npn otom b HHacHen uacra nerMaTonjjHoro nojra (c 
HH3KHMH KOHu,eHTpau,HHMH Ni) pacnojiaraiOTCH BepxHne nerMaTOH^bi, a b BepxHen 
nacTH nojra — HHacHne nerMaTOHjjbi, b xoTopwx cojjepacaHHe Ni 6jih3ko k cojjep- 
acaHH5iM ero b nnxpHTOBbix r-jj paccjioeHHOH cepnn pyjjOHOCHbix HHTpy3HBOB h 
3HanHTejibHO npeBbimaeT cojjepacaHHe Ni b nnxpHTOBbix 6a3ajibTax ryjjuHXHHCxoH 
h, TeM 6ojiee, TyxjioHCxon cbht 6a3ajibTOBOH cepnn. 

Ha AnarpaMMe jjjih Me/jH Cu —MgO (({mr. 8) bhjjho, uto paccjioeHHan cepHH 
py^OHOCHbix HHTpy3HH (xpoMe nHKpHTOBoro AHctxtiepeHijHaTa) coBnajjaeT c TpeHjjOM 
6a3ajibTOBbix cbht, nocTpoeHHbiM, xax h paHee, no cpejjHHM aHajiHTHuecxHM 
^aHHbiM [Lightfoot et al., 1994]. nojie nerMaTOHjjOB (b u,ejiOM) 3aHHMaeT jieByio 
nacTb jjnarpaMMbi, npnneM b BepxHen uacra ototo nojin HaxoAHTCH HnacHne 
nerMaTOH^bi c cojjepacaHHHMH Cu, paBHbiMH jih6o npeBbimaiomHMH TaxoBbie b 
nnxpHTax paccjioeHHOH cepHH. HnacHioio uacTb ototo nojin 3aHHMaiOT, b ochobhom, 
BepxHne nerMaTOH^bi c MHHHMajibHbiMH coj^epacaHH5iMH Cu. CpejjHHe cojjepacaHHH 
Cu HMeiOTC5i b nHxpHTax paccjioeHHOH cepnn, HaMHoro npeBbimaiomHe coj^epacaHH5i 
Cu B nHKpHTOBbIX 6a3ajIbTaX ryaUHXHHCKOH H TyKJIOHCKOH CBHT. 

Ha ocHOBe HH^HKaTopHbix OTHOineHHH pn^a MHKpoojieMeHTOB Taxace 6bijm 
nocTpoeHbi conocTaBHTejibHbie AnarpaMMbi. 

Ha jjnarpaMMe Th/U — Yb/Gd (c})Hr. 9) BbmejraioTCfl Tpn nojiH, cboTBeTCTBeH- 
ho, jyra paccjioeHHOH cepnn, ochobhhx nerMaTOHjjoB h 6a3ajibTOBbix cbht. Pacno- 
jioaceHne nerMaTOH^Horo nojiii, xax bh^ho h 3 ^HarpaMMbi, npaxTHuecxn He 3aBHCHT 
ot BejiHHHHbi OTHOineHHH Th/U. nojie paccjioeHHOH cepnn 3aBHCHT b 3aMeTHO 
Sojibinen CTeneHH ot BejiHUHHbi cooTHoineHHH Th/U. npoMeacyTouHoe nojioaceHne 
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MeacAy hhmh 3aHHMaeT npoTsiaceHHoe BbiTiiHyToe nojie cpeAHHx cocTaBOB Byji- 
KaHHHecKHx cbht [Lightfoot et al., 1994]. B Meere nepexpbiTH5i 3thx nojien 
pacnojiaraiOTCH cpeAHne cocTaBbi TyxjioHCKOH, MopoHroBCKoii — 1 h2h MoxyjiaeB- 
CKOH CBHT 6a3aJIbTOBOH CepHH HopHJIbCKOrO paHOHa. KpaHHHe MHHHMaJIbHbie 
3HaneHHH othoihchh5i Yb/Gd (J)HKCHpyiOTC5i j\jik rpynnw cbht: cbiBepMHHCKOH, 
HBaKHHCKOH H HaHMCHbHIHe RJ1SI ryAUHXHHCKOH 6a3aJIbTOBOH H IIHKpHTOBOH. 

Ha A^arpaMMe La/Sm—Ta/La (cjmr. 10) Ha6jno^aeTC5i obpaTHaa 3aBH- 

CHMOCTb 3THX OTHOHieHHH RJISL BCeX TpeX BbITHHyTbIX nOJICH — 6a3aJIbTOBbIX CBHT, 
paccjioeHHbix cepHH HHTpy3HBOB h hx nerMaTOHAOB. nepexphiTHe Bcex Tpex nojien 
HMeeTCH b cpe^HeH uacra AnarpaMMbi. 3^ecb pacnojiaraiOTca TyKJiOHCKaa, mopoh- 
roBCKaa h MOKyjiaeBCKaa CBHTbi. HaHSojibuiHMH paccMaTpHBaeMbiMH cooTHome- 
hhhmh Ha AnarpaMMe xapaxTepH3yeTC5i nojie 6a3ajibTOBbix cbht, KOTopoe HMeeT 
HanSojibrnyio BbiT5myTOCTb c MaKCHMajibHbiMH La/Sm j\jin nd 1-2 h iv cbht h 
MHHHM aJIbHbIMH £JI5I IIHKpHTOB ry^HHXHHCKOH CBHTbi <H C MaKCHMajibHbiMH OTHO- 

meHHHMH Ta/La). 

Ha AnarpaMMe La/Sm —Ce/Yb (cjmr. 11) HabjnoAaeTca HanSojiee 6;iH3Koe 
coBMemeHHe nojien nerMaTOHAOB h paccjioeHHOH cepHH b jicboh uacra AnarpaMMbi 
c HaHMeHbiiiHMH OTHomeHHHMH Ce/Yb. C hhmh ace coBMemaeTca KpaHH5i5i jieBaa 
nacTb nojm 6a3ajibTOBbix cbht: (mr 1 _ 2 , tk, mk). Ha Sojimhom yAajieHHH ot hhx 
H axoAHTca rpynna cbht: nd 1 _ 3 , sv h iv npn caMbix bmcokhx 3HaneHH5ix La/Sm, a 
npn caMbix BbicoKHx OTHomeHH5ix Ce/Yb — cbhtm sv h iv. 06oco6jieHHO ot Bcex 
Apyrnx cbht b u,eHTpajibHOH nacTH AnarpaMMbi (npn cpeAHHx 3HaneHH5ix La/Sm h 
C e/Yb) pacnojiaraiOTC5i ryAUHXHHCKasi h ee nHKpHTOBbie jiaBbi. 

M3 o63opa Tpex ^narpaMM no cooTHomeHHio HHAHxaTopHbix mhkposjicmchtob 
cjie^yeT, uto HanSojibrnasi aHajiorHH y paccjioeHHbix cepHH HHTpy3HBOB h hx 
nerMaTOH^OB HMeeTca y 6a3ajibTOB TyxjiOHCKOH cbhtbi (b tom uncjie nHKpHTOBbix 
6a3a^bTOB 3toh cbhth), a Taxace 6a3ajibTOB MopoHroBCxon h MoxyjiaeBCxon cbht. 
Hto xacaeTca 6a3ajibTOB ryAUHXHHCxoH cbhtbi (h ee nnxpHTOBbix 6a3a;ibTOB), to 
ohh Be3zje Haxoz^5iTC5i Ha 3HanHTejibHOM y^ajieHHH ot nojien paccjioeHHOH cepnn h 
nerMaTOH/jOB HHTpy3HBOB h, oneBHAHo, np^MOH reHeTHnecKOH cbh3h c hhmh He 
HMeiOT. 3to noATBepac^aeT h A^arpaMMa MgO — Ti0 2 (cm. ({mr. 5). 

Ha nayxoBOH A^arpaMMe rjiaBHbix py^Hbix KOMnoHeHTOB Ti0 2 —Cr—Ni—Co— 
Cu — Pt — Pd — S (({mr. 12) conocTaBjimoTCfl no 3thm bocbmh 3jieMeHTaM cpeAHne 
cocTaBbi paccjioeHHOH cepnn pyAOHOCHbix HHTpy3HH, ee nnxpHTOBoro ah ({xjie- 
peHii,HaTa h ochobhmx nerMaTOHAOB (b u,ejiOM). MoacHO bhactb, uto no cpaBHeHHio 
c paccjioeHHOH cepnen nerMaTOHAti 3aMeTHO 6ojiee oborameHbi bccmh sthmh 
KOMnoHeHTaMH ( 3 a HCXjnoneHHeM xpoMa). nerMaTOHAti no cpaBHeHHio c nnxpHTaMH 
pyAOHocHbix HHTpy3HH 3aMeTH0 obeAHeHbi Cr, Ni, Co, Pt, S h oborameHbi Ti, Cu, 
h Pd. CjieAyeT noAnepxHyTb, uto nnxpHTbi no cpaBHeHHio c paccjioeHHOH cepnen 
(b u,ejiOM) obeAHeHbi Ti0 2 h oborameHbi bccmh ocTajibHbiMH paccMaTpHBaeMbiMH 
KOMnOHeHTaMH. 

noAobHaii nayxoBasi AnarpaMMa, rAe no 3 thm ace bocbmh KOMnoHeHTaM 
conocTaBji5noTC5i Bee nerMaTOHAHbie o6pa30BaHH5i MeacAy co6oh (BepxHne h HHacHne 
TaxcHTOBbie r-A h nerMaTOHAti b u,ejiOM), npHBOAHTca Ha cjmr. 13. BepxHne TaxcHTbi 
no cpaBHeHHio c HHacHHMH TaxcHTaMH h nerMaTOHAaMH (b u,ejiOM) obeAHeHbi bccmh 
paccMaTpHBaeMbiMH xoMnoHeHTaMH xpoMe Ti0 2 h Cr. HnacHne TaxcHTbi no cpaB- 
hchhio c nerMaTOHAaMH (b u,ejiOM) oborameHbi bccmh sthmh KOMnoHeHTaMH xpoMe 
Ti0 2 h Cr. 

Ha nayKOBOH B0CbMH3jieMeHTH0H AnarpaMMe Cr—Ni—Co—Cs—Ba—Rb— 
Sr — Zr (cjmr. 14) conoeraBjimoTcm paccjioeHHaa cepH5i (b u,cjiom) c nerMaTOHAaMH 
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(b ijejiOM), a Taxjxe c BepxHHMH n hh^khhmh TaxcnTaMn n nnxpnTaMn no psiAy 
KorepeHTHbix n HexorepeHTHbix ojieMeHTOB. 

IlerMaTOMAbi (b u,ejioM) no cpaBHeHmo c paccjioeHHon cepnen (b u,ejioM) 
odoeau^enbi Ni, Co, Cs, Ba, Rb, Sr n odednenbi Zr n Cr, no cpaBHeHmo c nnKpnTaMH 
paccjioeHHon cepnn ohh odoeau^enbi Cs, Ba, Rb, Sr, Zr n cwe/ib odednenbi Cr, Ni n 
Co, t. e. 5ibho oborameHbi HexorepeHTHMMn n obeAHeHM xorepeHTHbiMn 3jieMeHTaMH. 

BepxHne THKCHTbi no cpaBHemno c paccjioeHHon cepnen (b ijejiOM) oSorameHbi 
Cs, Ba, Rb, Sr n obeAneHM Cr, Ni, Co, Zr, a no cpaBHeHmo c hhxhhmh TaxcnTaMn 
eme 6ojiee oboranjeHM Cs, Ba, Rb, Cr n 3HannTejibHO obeAHeHM Ni, Co, Zr, Sr. 

Hn^KHne TaxcnTbi no cpaBHeHmo c paccjioeHHon cepnen (b ijejiOM) oborameHM 
Ni, Co, Cs, Ba, Rb, Sr n obezjHeHbi Cr n Zr, c nnKpnTaMH — oboranjeHM Cs, Ba, 
Rb, Sr, Zr (HeKorepeHTHbiMn ojieMeHTaMn) n obeAHeHM Cr, Ni, Co (xorepeHTHbiMn 
ojieMeHTaMn) , c nerMaTon^aMn (b u,ejiOM) — oboranjeHM Ni, Co, Sr, Zr n obeAHeHM 
Cs, Rb, Ba, Cr (t. e. oboranjeHM n obeAneHM xaK xorepeHTHbiMn, Tax h Hexore- 
peHTHblMH OJieMeHTaMH). 

PaCCMOTpeB OCoSeHHOCTH reOXHMHH py^OHOCHblX HHTpy3HBOB HOpHJIbCKOrO 
Tnna, cneu,najibHO otmcthm cjieAyiomee. Ha paHee onySjinxoBaHHon ^narpaMMe 
Th/U — Yb/Gd [Distler, Kunilov, 1994; figs. 5, 6] no MecTonojioacemno nopoA 
6a3ajibTOBbix cbht HaHeceHbi opeojiw j\jin pamieH, cpe^Hen n no3Anen c})a3, npnneM 
B 3T0M nop^AKe CHH3XaiOTC5I HX BeJIHHHHbl Th/U H B03paCTaiOT Yb/Gd. MOJKHO 
BH^eTb (pnc. 6) xopomee coBna^eHne no 3thm napaMeTpaM cocTaBOB MacJinTOBbix 
(6a3HTOBbix) n nnxpnTOBbix nopoA pyAOHOCHMx HHTpy3nn Hopnjibcx-I, TjiaBHon 
TajiHaxcxon n C3 bctbh Tajmaxcxon c opeojiaMn j\jin 6a3ajibTOB no3Anen (Jia3bi 
(MopoHroBCxa^, MoxyjiaeBCxa^ n caMoeACxaa CBHTbi). Mac{)HTOBbie n nnKpnTOBbie 
nopo^bi HnacHeTajraaxcKon HHTpy3nn, b ochobhom, yjxe coBna^aiOT c opeojiOM jiaB 
cpe^Hen (Jia3bi (TyKjioHCxasi, HaAeacAHncxaii n hh3m MopoHroBCxon cbht). 3to 
yKa3biBaeT Ha siBHoe reoxHMnnecxoe cxoactbo nopoA pyAOHOCHMx HHTpy3HBOB n 
6a3ajibTOB nocjieAnen c})a3bi ByjixaHH3Ma b HopnjibcxoM panoHe, nero He;ib35i 
cxa3aTb o nopo^ax HnjKHeTajiHaxcxon HHTpy3nn. 

OneHb Ba^cHO AaTb npaBnjibHyio HHTepnpeTau,mo u3omonnbiM omnoiuenusiM , 
cjie^yiomHM H3 AnarpaMMbi ( 87 Sr/ 86 Sr) J — 250 mjih jieT — ( 206 Pb/ 204 Pb) J — 
250 mjih JieT [Distler, Kunilov, 1994; figs. 7, 8], xoTopyio mbi npHBOAHM Ha pnc. 7. 
no opeojiaM 6a3ajibTOBbix JiaB no 3thm napaMeTpaM HaMenaeTca cnjibHaa 3a- 
BHCHMOCTb HX OT OTHOUieHHH 87 Sr/ 86 Sr H 3HaHHTeJIbHO 6oJiee CJia6a^ OT OTHOmeHHH 
2 °6pb/ 2 ° 4 pb. ripn 3tom HabjnoAaeTCH tchachijhsi yMeHbineHmi B03pacTa cbht c 
yMeHbmeHneM Bejinumibi oTHomeHmi 87 Sr/ 86 Sr ( 3 a HCxjnoneHneM 6a3ajibTOB nd 1-2 

CBHTbi). 

fljI5I HHTpy3HBHMX MatJlHTOBblX, nHKpHTOBbIX, TaKCHTOBbIX H KOHTaKTOBbIX 
nopoA, a Tax^ce MacJmTOBbix n nnxpnTOBbix r-A HnacHeTajiHaxcxon HHTpy3nn 
HabjiiOAaeTCii Ha A^arpaMMe AOCTaTouHo y3xnn A*iana30H 3HaueHnn (17,8 — 18,3) 
OTHOineHH5i 206 Pb/ 204 Pb, ho BecbMa pacT^HyTMH HHTepBaji OTHomeHnn no 87 Sr/ 86 Sr 
(1,7050—1,7087). ffjm maKcumoebix nopod HHTepBaji no 206 Pb/ 204 Pb cTaHOBHTca 
eme 6ojiee y3KHM 18,09 — 18,12, b to BpeM5i Kax no 87 Sr/ 86 Sr oh cocraBjraeT BecbMa 
3HauHTejibHyio BejiminHy b A*iana30He 0,7057 — 0,7087. 3to yxa3MBaeT rjisi nopoA 
Bcex HHTpy3nn, npeACTaBjieHHMx Ha A^arpaMMe, Ha HecTaSnjibHOCTb OTHomeHnn 
87 Sr/ 86 Sr, no-BHAHMOMy, 3a cneT xax donojinumejibnou accuMUji^uu enje xopoBoro 
CTpoHii,H5i n HapymeHHOCTH hcxoahmx ero OTHomeHnn b MarMe HHTpy3nn c B03pa- 
CTaHneM OTHomeHnn H30TonoB ctpohu,hh, Tax h npnBHoca ctpohu,hh nepe3 nerMa- 
TOHAHbie pacnjiaBbi (cm. ({mr. 14). Oucbhaho bjiaroAapa 3T0My Ha A^arpaMMe (cm. 
pnc. 7) HabjnoAaeTC^ casht Tonex nopoA pyAOHOCHbix HHTpy3HBOB H3 opeojiOB jiaB 
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a 


Th/U JlaBbi 



Phc. 6. flnarpaMMa BejiHHHH Th/U—Yb/Gd rjisi jiaB paimeH, cpe^HeH h no3^HeH 
c{)a3 ( a ), noKa3aHHbix opeojiaMH, h cocTaBOB 6a3HTOBbix h iraicpHTOBbix nopo^ 
py^OHOCHbix HHTpy3HH HopnjibCKoro rana (6) [Distler, Kunilov, 1994]. 

Ycji. o6o3h. cm. Ha phc. 66 h la. IloflCBHTbi: Kt — KajiTaMHHCKasi, Ik — mcoHCKasi; ocTajibHbie CHMBOJibi 
CBHT CM. B 171 . 1 , C. 10 . 
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Phc. 7. flnarpaMMa BejiHHHH 87 Sr/ 86 Sr— 206 Pb/ 204 Pb JiaB p aHH gji, cpe/pieH h 

no3AneH cj)a3 ( a ), noKa3aHHbix opeojiaMH, h cocraBOB 6a3HTOBbix h nnicpHTOBbix 
nopoA paccjioeHHOH cepHH h nerMaTOH^Hbix (TaxcHTOBbix) nopoA pyAOHOCHbix 
HHTpy3HH HopHjibCKoro rana (6) [Distler, Kunilov, 1994]. 

06o3HaneHMsi (cHMBOJibi) ByjiKaHoreHHbix cbmt, cm. b Texcre (rji. 1, c. 10). 


6 a 3 ajibTOB no 3 AHHx c{)a 3 b uyacAbin hm, cyAfl no AnarpaMMe Th/U—Yb/Gd (cm. 
[Distler, Kunilov, 1994; fig. 6 ]), opeoji 6 a 3 ajibTOBbix JiaB paHHen (Jia 3 bi (cm. pnc. 6). 
O^HaKO 3T0 BP5IA JIH MOaceT CTaBHTb nOA COMHCHHe TeHeTHUeCKyiO o 6 m;HOCTb 
pyAOHOCHbix HHTpy 3 HBOB h 6 a 3 ajibTOB no3AHen c{)a3bi HopnjibCKoro panoHa, uto h 
noATBepacAaeT paccMOTpeHHaa Bbirne (cm. cjmr. 11) nocTpoeHHaa HaMH ^narpaMMa 
Ce/Yb— La/Sm, iyje c nojraMH paccjioeHHOH cepun h nerMaTOHAOB coBna^aiOT jmnib 
cpeAHne 3HaueHH5i rjix TyKJiOHCKon, MopoHroBCKon h MOKyjiaeBCKon 6a3ajibTOBbix 
cbht. OueHb BaacHaa ocobeHHOCTb — noHBjieHue Ha 3 toh H30TonHon AnarpaMMe 
(cm. puc. 7) nerMaTon^Hbix nopoA pyAOHOCHbix HHTpy3nn cpe^n nopoA HnacHeTaji- 
HaXCKOrO HHTpy3HBa C OneHb BbICOKHMH (AO MaKCHMaJIbHblx) COOTHOUieHHHMH 
H30TOnOB CTpOHU,H3. 3 t 0 MOaceT yKa3bIBaTb, OUeBHTJHO, Ha npHBHOC Sr B pyAOHOCHbie 
HHTpy 3 HH uepe3 nerMaTOH^bi tcmh ace pacTBopaMH, KOTopbie h bbihoc^t Cr h Ni h 3 
MarHe3najibHbix TpannoBbix HHTpy3nn HHacHeTajmaxcKoro rana [PaSob, 5Iko6h, 
1981; Psi6ob, 1991]. 
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IIpHBeAeHHbie Bbirne ^HarpaMMbi no rjiaBHenninM MHKposjieMeHTaM b cono- 
CTaBjiaeMbix nopo^ax nerMaTOH^OB n paccjioeHHon cepnn py^OHOCHbix HHTpy3HH 
HopnjibCKoro panoHa y6e/jHTejibHO CBH^eTejibCTByiOT 06 oSorameHHocTH nerMa- 
toh^ob HGKorepeHTHbiMH 3 jieMeHTaMH , b tom nncjie CTpoHii,HeM. 3to nO^TBep^v^a- 
eTCH n Ha ^narpaMMax pe3xo B03pacTaiomeH KajmeBOCTbio nerMaTOH/jHbix nopo/j c 
B03pacTaHneM (jih6o c yMeHbineHHeM b hhx coAepacaHHH MgO h oTHomeHna 
MgO/Ti0 2 ). riapajuiejibHO b neeMamoudax pe3xo B03pacTaiOT coAepacaHna o6men 
cepbi c poctom hx K^, a c B03paeraHneM b hhx MgO, ho He 6ojiee 16 Mac. % , 3aMeTH0 
yBejiHHHBaiOTCH coAepacaHH5i Ti0 2 , Cr, Ni, Cu. Bee 3to yxa3biBaeT Ha TeH/jemjHH 

B3aHMO/jeHCTBH5I cJ)JIK)HAOB, CB5I3aHHbIX C 6a3HTOBbIMH nerMaTOH^aMH, KaK C CaMHMH 
nerMaTOH^aMH, Tax h c BMemaiomHMH hx nopo^aMH paccjioeHHOH cepnn py^oHoc- 
hhx HHTpy3HH, pe3yjibTaTOM xoToporo b HTore 5iBjraeTC5i opy^eHeHne HopnjibCKoro 
Tnna. 

npn HaHeceHHH pe 3 yjibTaTOB aHajiH30B nerMaTOH^Hbix nopo/j na ^narpaMMy 
3aBapHu,Koro (pnc. 8) OKa3biBaeTC5i, hto ohh (j^aKTnnecKH noBTopsnoT Ha Hen Becb 



Phc. 8. flnarpaMMa A. H. 3aBapHu,Koro /yra xHMnnecKnx cocTaBOB ochobhbix ner- 
MaTOH^OB TajiHaxcKOH HHTpy3HH [3ojiOTyxHH n aP-, 1975, Ta6ji. 33 — 35]. 

Bemeu unmpy3uu : 1 — CeBepo-BocTO^Hasi, 2 — K)ro-3ana,ijHasi, 3 — CeBepo-3anaAHasi, 4 — 
Xapaejiaxcicasi. T — TaxcHTOBbie r-^; Tji — TajiHaxHTbi, r — ra66po. 


23 



IipOTflaceHHblH 3B0JIK)IJ,H0HHbIH TpeHA nopOA paCCJIOeHHOH CepHH [3oJIOTyXHH H AP-, 

1975]. 3tot cJ)aKT yjxe HeB03M0JXH0 HHane TpaxTOBaTb xax yHacjieAOBaHHe nerMa- 
TOH^aMH cocTaBa nopoA paccjioeHHOH cepHH. BMecre c npH3HaxaMH oporoBHxoBaHHM 
npnjieraiomHx k nerMaTOH^aM nopoA paccjioeHHOH cepHH (pacnaA 3epeH ojiHBHHa, 
KJiHHonnpoKceHa, njiarnoKjia3a), a Taxjxe HHTeHCHBHoro bo3achctbh5i nerMaTOHAOB 
Ha nceB^oKceHOJiHTbi nopoA paccjioeHHOH cepHH, Macro BCTpenaiomHxcfl cpe^H 
TaxcHTOBbix nopoA, 3to HHTepnpeTHpyeTCM HaMH xax B03HHKH0BeHHe nerMaTOH^OB 
3a cneT noMBjieHHM „BTopHHHoro” pacnjiaBa bmccto nacTH nopoA paccjioeHHOH 
cepHH. 06 3tom ace CBHAeTejibCTByeT h jioxajiH3au,H5i nerMaTOHAOB He tojibxo, xax 
o6bIHHO, B 3HA0K0HTaKT0BbIX HaCTMX HHTpy3HBa (CM. pHC. 5) , HO H B CpeAHeH MaCTH 
pa3pe3a, HanpHMep, b HHTpy3HH HopnjibCK-II [cm. 3ojiOTyxHH, BacnjibeB, 1967]. 
CoOTHOHieHHe HOpMaJIbHbIX H MarHe3HaJIbHbIX TaXCHTOBbIX r-A, TaJIHaXHTOB H 
cyjib(J)HAHbix pyA noxa3aHO Ha pnc. 9, rAe BHAHa hx HeTxaa B3aHMOCB5i3aHHa5i 
jioxajiH3au,HM. T oph3oht hhjkhhx TaxcHTOBbix nopoA pacnojiaraeTca oSbimho MeacAy 
KOHTaKTOBbIMH H nHKpHTOBbIMH T"A. FopH30HT BepXHHX TaXCHTOBbIX T-R H ra66pO 
JI0KaJIH3yeTCM MeaCAy BepXHHMH KOHTaKTOBbIMH r-A H nopOAaMH BepXHeH MaCTH 
paccjioeHHOH cepnn h npeACTaBjieH jiHH30BHAHbiMH h njiacTHHOo6pa3HbiMH TejiaMH 
(cm. pnc. 4, 5). Ta66po MoaceT pacnojiaraTbca h b hhjkhch nacTH pa3pe3a, rAe MoryT 
6biTb TajiHaxHTbi xax pa3H0BHAH0CTb nerMaTOHAHbix nopoA [3ojiOTyxHH, Pm6ob, 
1970]. 

B HexoTopwx pa3pe3ax cjioacHOH Aanxoo6pa3HOH HHTpy3HH Hopnjibcx-II Ha- 
6jIIOAaeTCM CJIHMHHe BepXHHX H HHaCHHX TaXCHTOBbIX T0PH30HT0B Ha BCK) ee 
MOHJHOCTb C OTAeJIbHbIMH peJIHXTaMH r0pH30HT0B OCHOBHOH TpeXHJieHHOH paCCJIOCH- 

hoh cepnn [PoroBep, 1959; 3ojiOTyxHH, BacnjibeB, 1967]. B3aHM00TH0iiieHH5i 
TaXCHTOBbIX nopoA c XOHTaXTOBbIMH, nnxpHTOBblMH H APyrHMH nopOAaMH paccjio¬ 
eHHOH cepHH HHTpy3HBOB HOpHJIbCXOrO THna nOBCeMeCTHO He OCTaBJIMIOT COMHeHHH, 
mto TaxcHTbi 5IBJI5HOTC5I naudojiee MOJiodbiMu o6pa30BaHH5iMH. fljra hhx xapaxTepHa 
OTHocHTejibHaa jienxoxpaTOBOCTb, xax h a^ nerMaTOHAHbix mbho jienxoxpaTOBbix 
ra66po. IIoAnepxHeM, hto TaxcHTOBbie nopoAw, a Taxace ra66po HHorAa bwxoa^t 3a 
npeAejibi HHTpy3HBa h BeAyT ce6n yace xax caMOCTOMTejibHbie reojiorHnecxHe Tejia 

(Hopnjibcx-I, T ajiHax). 06Hapy- 
aceHHbie h HCCJieAOBaHHbie b 3thx 

1 nopoAax pacnjiaBHbie BXjnoneHHn 

2 MHHepajioo6pa3yK)meH cpeAti b 
xjiHHonnpoxceHax h njiarnoxjia3ax 

3 

4 

PHC. 9. B3aHMOOTHOHieHHM nopoA 

5 paccjioeHHOH cepnn, ochobhbix ner- 
MaTOHAOB h cyjib(J)HAHbix pyA b 

6 oahom H3 pa3pe30B BepxHeTajmax- 
cxoro HHTpy3HBa [3oJIOTyXHH, P51- 

7 6ob, 1970]: 

Q 1 — ra66po-flnopHT; 2 — 6e30JiMBMH0BbiH r-#; 

3 — OJiMBMHOBbiH r-#; 4 — nMKpMTOBbiH r-#; 
g J — jieHKora66po; 6 — TajmaxHT (tpok- 
TOJIMt); 7 — TaKCHTOBblH r-^; 8 — KOHTaK- 

TOBbiH r-#; 9 — cyjib(j)H£Hoe opy^eHeHne; 
JO — MeTacoMaTHTbi no BMemaiomHM oca- 

flOHHblM nopo^aM. 
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(Ta6ji. 8) He /ja iot bo3mojkhocth cnHTaTb hx MeTacoMaTHnecxHMH, TeMnepaTypbi hx 
o6pa30BaHH5i (1000—1050 °C) yace okojio 100° muxe Han6ojiee HH3xoTeMnepaTyp- 
hhx nopoA paccjioeHHOH cepnn — 6e30JiHBHH0Bbix ra66po-£OJiepHTOB [3ojiOTyxHH, 
1964; ByjiraxoBa h ^p., 1967; 3ojiOTyxHH h a p., 1975]. OTdojja cjie^yeT, hto 

JieHKOKpaTOBOCTb BTOpHHHbIX paOIJiaBOB, HCXO^HblX AJI5I (J)OpMHpOBaHH5I OCHOBHbIX 
nerMaTOH^OB, B03HHKJia eme Ha 3tom MarMaTHnecxoM 3Tane h b 3HanHTejibHOH Mepe 
6buia o6^3aHa MeTaMarMaTHnecxoMy npou,eccy [Kop^chhckhh, 1973] c npHBHOcoM- 

BbIHOCOM BemeCTBa (JunOH^aMH. ,H,OKa3aTeJIbCTBa HeH30XHMHHHOCTH H Cy^CAGHH^ o 
CTeneHH noABHJKHOCTH KOMnoHeHTOB b stom npou,ecce /jaiOT pacneTbi h TjnarpaMMbi 
npHBHOca-Bbmoca BemecTBa [3ojiOTyxHH, BacnjibeB, 1967; 3ojiOTyxHH h r p., 1975; 
3ojiOTyxHH, 1978]. 

OcHOBbiBaacb Ha 3thx pacneTax, OTHOCHTejibHyio no^BH^cHOCTb KOMnoHeHTOB 
b npou,ecce bo3hhkhobchhh TaxcHTOBbix nopo/j h ra66po mojkho Bbipa3HTb cjie^y- 
khijhm p^aom (b nopa^xe noHH/KeHH5i) : H 2 0, S, K 2 0, Na 2 0, Ti0 2 , Cr 2 0 3 , P 2 O s , NiO, 
Fe, A1 2 0 3 , CaO, MgO, Si0 2 . flBHJxeHHe BemecTBa b stom npou,ecce npeo6pa30BaHH5i 
nopoA paccjioeHHOH cepnn b TaxcHTOBbie nopoAbi h ra66po b 3HanHTejibHOH Mepe 
npoHexoAHT Ha hx MarMaTHnecKOH CTa/jHH (BTopHHHoro pacnjiaBa), a He othochtca 
Bceu,ejio k paHHHM (AOMarMaTHnecKHM) h no3/jHHM (nocTMarMaTHnecKHM) MeTaco- 
MaTHnecKHM H3MeHeHH5iM, Rax mojkho 6buio npe^nojiaraTb. TaxcHTOBbie r-,u h 
ra66po, HMeiomne MarMaTHnecxyio npHpo^y, MoryT conpoBOJx/jaTbcsi eme opeojiOM 
JieHKOKpaTH3HpOBaHHbIX UOpOJJ, paccjioeHHOH CepHH, B03HHKIHHM 5IBHO 3a cneT 
npou,ecca MeTacoMaTHnecxon jieHxoxpaTH3aii,HH. 3to, HanpHMep, u,enonKH Kpnc- 
TajuiOB njiarnoKJia3a B/jojib njiacTOBbix h ckojiobmx TpenjHH, hx ceTnaTbie cxon- 
jieHHH h jieHKOxpaTOBbie Mejixne 6jiokh cpe/m nopojj paccjioeHHOH cepnn (jioxajiH3y- 
IOTC5I OHH epe^H IIHKpHTOBblX T-R Ha A TaKCHTOBbIM rOpH30HTOM, B HH/KHCH HaCTH 
ropH30HTa ojiHBHHOBbix r-jj h Boxpyr jiHH3oo6pa3Hbix Teji ra66po b BepxHen nacTH 
HHTpy3HBa HopHJIbCK-I). IIOAHepKHeM, HTO 3TH MCTaCOMaTHHeCKHe JieHKOxpaTOBbie 
6jiokh neTpoxHMHHecxH neTKo OTjiHnaioTC5i [TapacoB, 1976] ot MopcJiojiorHHecKH 
noAo6Hbix MarMaTHnecxHx TaxcHTOBbix t-r h ra66po [3ojiOTyxHH, 1978]. 

Pe3K)MHpyH cxa3aHHoe Bbime, noAnepxHeM, hto JieHKOxpaTOBbie ropn30HTbi 
py^OHOCHbix HHTpy3HH (TaxcHTOBbie r-A h ra66po) cctiopMHpoBajiHCb xax 3a cneT 
npou,eccoB MarMaTHnecxoH, Tax h ^ajibHenmeH nocTMarMaTHnecxon jieHxoxpa- 
TH3au,HH. K nepBOH othochtc5i c^bht 3BTexTHHecxoH tohkh b CTopoHy njiarHoxjia3a 
b CHCTeMe AHoncHA — aHopTHT —Bo/ja npn noBbimeHHOM ^aBjieHHH H 2 0 [Yoder, 
1955] h MeTaMarMaTHHecxaa /je6a3H(J)HKaij,H5i 3a cneT Bbmoca h npHBHOca pajja 

KOMnoHeHTOB MarMbI CKB03bMarMaTHHeCKHMH paCTBOpaMH 3BOJHOU,HOHHpyiOmeH 
mejiOHHOCTH [Kop^chhckhh, 1973]. K nocTMarMaTHnecxoH jieHxoxpaTH3au,HH npn- 
boaht Taxjxe KHCJiOTHO-mejiOHHaa 3bojhou,hh pacTBopoB, ho yjxe nocTMarMa- 
THnecxHx [3ojiOTyxHH h a p., 1975], npnneM ocymecTBjraeTCii OHa npn onpe^ejieH- 
hhx ycjiOBH^x 3a cneT TeH^eHii,HH x pa3Jio^ceHHio ctieMHnecxHx MHHepajiOB 6a3HTOB 
C B03HHKHOBeHHeM aCCOU,HaiI,HH CaJIHHeCKOrO MHHepaJia C py^HblM (o6bIHHO OKHC- 
jiaMH ^cejie3a). 3to siBjmeTca cymecTBeHHbiM hctohhhkom opyACHeHHii jieHKOxpa- 
TOBblX uopojx (b TOM HHCJie CyjIb(])HAHOrO — B yCJIOBHHX CyjIb(J)ypH3aiI,HH OKHCJIOB 
^cejie3a). OcHOBHbie nerMaTOH^bi b BH^e TaxcHTOBbix r-^ h ra66po ({lopMHpyioTca 
npn pacxpHCTajuiH3au,HH 6oraToro jieTynHMH BTopHHHoro pacnjiaBa, h npou,eccbi 
„TaxcHTH3au,HH” h „ra66poH3au,HH”, no-BH^HMOMy, npe^CTaBjiHioT co6oh MeTaMar- 
MaTHnecxyio Ae6a3Ht{)HKaii,Hio, ho He nepBHHHOH, a „btophhhoh” MarMbi h conpo- 
Bo^c^aiOTca 3aMeTHbiM ABH^ceHneM BemecTBa. IIpoxo/mimiH no ropH30HTaM bto- 
PHHHOH MarMbi KOHU,eHTpHpOBaHHbIH nOTOK CKB03bMarMaTHHeCKHX paCTBOpOB cno- 
co6cTByeT ee MeTaMarMaTHnecxon Ae6a3H(])HKaii,HH, a 3aTeM HHTeHCHBHOMy nocT- 
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MarMaTHHecKOMy H3MeHeHHio nop oa, bo3hhkliihx h3 3Toro pacnjiaBa, a Taxace 
conpe/je.jibHbix c hhm, Bxjnonafl no^BjieHne cyjn4)*mHoro opyAeneHna. 

TaxcHTOBbie ropn30HTbi Han6ojiee o6orameHbi cyjib(j)H,zjaMH (nnppoTHHOM, 
xajibKonnpnTOM, xy6aHHTOM, neHTjiaH^HTOM), c{)opMHpy5i 6oraToe BKpanjieHHoe, 
npoacHjiKOBO-BKpanjieHHoe n nuinpoBoe opy£eHeHH5i. ConpetfejibHbie c hh^khhm 
TaKCHTOBbIM r0pH30HT0M nHKpHTOBbie H KOHTaKTOBbie nopOtfbl Tax^ce o6bIHHO 
HHTeHCHBHO o6orameHbi cyjibc^n^aMH, b to BpeM5i xax BepxHne nacTH nnKpnTOBbix 
r0pH30HT0B HHOr^a 5IBJI5HOTC5I 6e3pyAHbIMH (xax B MaHTypOBCKOH HHTpy3HH, CM. 
[3ojiOTyxHH, me^pnH, 1977]). Ha6jnoAaiOTC5i 5iBHbie npn3HaKH 3aMemeHH5i ch- 
jiHKaTOB cyjib(J)HAaMH xax b 3epHax xjiHHonnpoxceHa [3ojiOTyxnH n ^p., 1975], 
npnneM cyjibtJmAbi MoryT conpoBoactfaTbcsi HOBOo6pa30BaHHbiMH peaKi^uounbiMu 
MunepajiaMu [Kop^khhcxhh, 1953; 3ojiOTyxnH, 1964]: 6ypon n 3ejieHon poroBon 
o6MaHxaMH, 5ipxo-3e;ieHbiM MeTacoMaTHnecxHM xjiHHonnpoxceHOM, rpaHaTOM rpoc- 
cyjiap-aHApaTHTOBoro pcpe^HHM n xhcjibim njiarnoxjia30M, 6hothtom h ap* Bee 
3to yxa3biBaeT Ha o6pa30BaHne cyjibtJiHAOB nocjie pacxpHCTajuiH3au,HH BTopnnHoro 
pacnjiaBa n (JiopMHpoBaHH5i nepBHHHO-MarMaTHnecxnx cnjinxaTHbix MHHepa jiob . 
TaxHM o6pa30M, cyjib(J)H£bi noiiBjraioTCii b HHTpy3HBe b paHHHH nocTMarMa- 
TnnecxHH 3Tan, xoi^a Ae6a3H(Jmxaii,H5i btophhhoh MarMbi yace 3aBepmaeTC5i, h x 
co6cTBeHHO MarMaranecxoMy 3Tany, oneBn^HO, npsiMoro OTHOineHHH npaxTnnecxn 
He HMeiOT [3ojiOTyxHH, 1971 ]. 

M 3 cxa3aHHoro sicho, hto u,ejibiu KOMtuieKC npunun npHBOAHT x bo3hhxho- 
BeHHio nerMaTOH^Hbix o6pa30BaHHH — TaxcHTOBbix ra66po-AOJiepHTOB h ra66po- 
TpannoBbix /jncWepeHijHpoBaHHbix py^oHOCHbix HHTpy3HH — 3to h ocoSchhocth 
cocTaBa hcxo^hoh MarMbi, h AOCTaTOHHO 6ojibma5i ee MarHe3HajibHOCTb, h oco6eH- 
hocth ee MexaHH3Ma BHe^peHH5i (pnc. 10) — nyjibcau,HOHHbm peacHM [3ojiOTyxHH, 
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3 1 tnni2 ^3 


Phc. 10. CxeMa MexaHH3Ma (JiopMHpoBaHH^ ochobhmx nerMaTOH^OB b py^OHOCHbix 
AH({x{)epeHii,HpoBaHHbix HHTpy3HBax Hopnjibcxoro THna: 

I—V — 6JIOKH £JIH 3B0JIK)i;M0HMpyK)lII,er0 MHTpy3MBa, ^eMOHCTpMpyiOmMe B03HMKH0BCHMe TpeXHJieHHOH 
paccjioeHHOH cepHH m OHflOKOHTaKTOBbix ocHOBHbix nerMaTOH^OB b npoijecce ero BHe^peHHsi; 1 — 
BMemaiomHe nopo^bi; 2 — jiOKajiH3aijHsi B3anMO,ijeMCTBMsi BTopHHHoro nerMaTOM^Horo pacnjiaBa c 

60 K 0 BbIMM flJISI Hero nOpO^aMH M C (jlJIIOH^aMH; 3 - JIOKajIH3aiJHSI KOHCOJIHflHpOBaHHbIX OCHOBHbIX 

nerMaTOM^OB h B03HMKH0BeHne cyjibcjiM^Horo opy^eHeHHsi (BKpanjieHHoro, npoxcHjiKOBO-BKpanjieHHoro h 
M accHBHoro); 4 — jiOKajiH3aijHsi TpemHH cpbraa b „hobom” npHHjieHsnomeMCsi 6jioxe 3acTbiBaiomero 
BHe^pHiomerocsi MHTpy3HBa. IlosiCHeHHsi cm. b TexcTe. 
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1964]. Bo3HHKHOBeHHe emopuHHOu neeMamoudnou MazMbi HMeeT MecTO baoab 
pacKOJiOB b 3 aTBep£eBiiiHx, ho eme pacKajieHHbix rojiOBHbix nacT5ix BHeApaiomHxca 
HHTpy3HH, b 3HaHHTejibHOH Mepe HacAeAyiomeH cocTaB „BMemaiomHx” ee HHTpy- 
3HBHbix nopoA. riapajijiejibHo nponcxoAHAa ee MeTaMarMaTHnecxaa Ae6a3H(J)H- 
Kau,H5i, a 3aTeM h aBTOMeTacoMaTHHecxne H3MeHeHH5i, b tom hhcac BbicoxoTeMne- 
paTypHaa noAeBoumaTH3aii,H5i h B03HHXH0BeHHe cyAB({)HAHoro opyAeHeHH5i. Coot- 
HomeHHe nepBHHHOH h btophhhoh (nerMaTOHAHOH) MarM yKa3biBaeT, hto MeTaMar- 
MaTHHecxafl Ae6a3H(})Hxaii,H5i h noHBjieHHe cyABc{)HAHoro opyAeHeHH5i bo3moachbi 
AHHIb nocjie B03HHXH0BeHH5I T0PH30HT0B „BTOpHHHOH” MaTMBI, Hepe3 KOTOpyiO 
MOTJIO npOHCXOAHTb Jl0KQJlU30GCLHH0e HHTeHCHBHOe ABHACCHHe rjiy6HHHbIX CXB03B- 

MarMaTHHecKHx pacTBopoB [Kopachhcxhh, 1968]. 

Cyjib(})MAbi aBjiHioTCsi b ochobhom yace pe3yjibTaTOM nocTMarMaTH^ecKoro 
BbicoKOTeMnepaTypHoro 3Tana, 3aBepmaiomero Ae6a3H(})Hxaii,Hio „btophhhoh” ner- 
MaTOH^HOH MarMbi, xoT5i cyjib(J)ypH3aii,Ha nocjie^HeH Taxace B03M02KHa [AjibMyxa- 
Me^OB, MeABe^eB, 1979]. TeM He MeHee rjiaBHbm npou,ecc B03HHXH0BeHH5i cy~ 
abc{)haob b xaMepax HHTpy3HH c (J)opMHpoBaHHeM npoMbiiujienHoeo opydeneHun 
HopHjibCKoro THna — cyAB({)ypH3aii,H5i b paHHHH nocTMarMaTHnecxHH 3Tan. Ilpn 
3 tom rjiaBHbiMH MexaHH3MaMH 3aMem;eHHH BxpanjieHHbiMH h cnjioniHbiMH cyjib- 
(f)HAaMH CHAHXaTHBIX H npOHHX nopOA 3HAO- H 3X30X0HTaXTa 5IBA5IIOTC5I Cyjlb- 

(J)ypH3au,H3 h conyTCTByK)HjHH MeTacoMaT03 [3o;iOTyxHH, 1966, 1974a, 1988, 1991] 

C B03HHKH0BeHHeM py^HblX Tejl, B TOM HHCJie MaCCHBHbIX CyAB(J)HAOB C 30HajIbHbIM 

hx CTpoeHneM, b npou,ecce 3boaioii,hh cocTaBa ({iaiohaob. 

Pojib accou,Hau,HH 6a3HTOBbix h rHnep6a3HTOBbix AncJxtiepeHijHaTOB MaTe- 
pHHCKoro HHTpy3HBa c opy^eHeHneM 3axAK>naeTC5i b tom, hto hctohhhxom HHxeA5i, 
Ko6a;ibTa h njiaTHHOHAOB sibashotca rnnep6a3HTbi, a Me ah h cepw — 6a3HTbi, xax 
moacho cyAHTb yace no hx KjiapxaM [BHHorpaAOB, 1962]. B3aHMOAencTBHe 6a3HTO- 
Boro h rHnep6a3HTOBoro AHctcJiepeHijHaTOB noA BAHimneM ({mjibTpyiomHxcfl 
TAy6HHHbIX (})AK)HAOB, 3BOAK)II,HOHHpyiOmHX no KHCJIOTHOCTH — meAOHHOCTH 

[Kop^chhckhh, 1956, 1957a, 6] h coAepAcamnx cepy, npHBOAHT k BbimeAanHBaHHio 
H3 CHjiHKaTOB pyAOo6pa3yiomHx KOMnoHeHTOB [ApyTioHHH h AP-, 1978, 1979], 
HexoTopoMy nepeHocy hx baoab HHTpy3HBa h ocaacAeHHio hx [3o;iOTyxHH, 19746] 
b cyAbt^HAHOH c{)opMe c xoHii,eHTpHpoBaHHeM baoab npoHHii,aeMbix 3oh. MeAB h cepa 
HaxanAHBaAHCb nepBOHanaABHO b xpHCTaAAH3yiomHxc5i pacnAaBax ochobhbix ner- 
MaTOHAOB h 3aTeM HacjieAOBaAHCb ({iaiohahoh c{)a30H, pe3xo MeHiiiomeH cboio 
xhcjiothoctb Ha xoHTaxTax yABTpa6a3HTOBoro h 6a3HTOBoro ropH30HTa c ocaac- 
AeHneM 3Aecb pyAHbix 3AeMeHT0B. Kax yace yxa3BiBaAOCb JX. C. Kopachhcxhm 
[1955, 1957a], B03pacraHHe 3Aecb ace axTHBHOCTH cyAbtJiHAHOH cepbi npHBeAeT x 
3aMemeHHio coach CAa6bix xpeMHHeBbix xhcaot coaamh 6oAee chabhoh cepoBOAO- 
POAHOH XHCAOTBI C (J^OpMHpOBaHHeM CyAb({)HAHOrO OpyACHCHHA. EcAH yHHTBIBaTb 
npHBHoc cepbi h ahhib nepepacnpeAeAeHHe mccthbix AceAe3a, xo6aABTa, HHxeAii, 
nAaraHOHAOB Ha Bcex 3Tanax, HanHHa5i c MarMaTHnecxoro, 3tot npou,ecc moacct 
6bitb Ha3BaH cyjib(f)ypu3au,ueu b umpoxoM CMbiCAe. 

B npou,ecce cyAbc{)ypH3aii,HH h MeTacoMaT03a nopoA yABTpa6a3HT-6a3HTOBbix 
HHTpy3HH npe^cAe Bcero baoab no3AHHx ropn30HTOB ochobhbix nerMaTOHAOB [3oao- 
TyxHH, 1964, 1988 ] noMHMO nepepacnpeAeAeHH^ mccthoh mcah hact 3HanHTeABHbiH 
npHBHoc ee c{)AiOHAaMH. HaMH paHee 6bia nocTpoeH p^A MyABTHCHcreM a^ napa- 
reHe3HCOB peaxu,HOHHbix MHHepaAOB, conpoBOACAaiomHx cyABcJiHAHoe opyAeHeHHe, 
Ha npHMepe pyAOHOCHoro HHTpy3HBa Hophabcx-I [3oAOTyxHH, 1964; 3oAOTyxHH, 
BacHAbeB, 1967]. Ha hhx neTxo moacho bhactb 30HaABHoe pacnpeAeAemie xAione- 
bbix napareHe3HCOB peaxu,HOHHbix MHHepaAOB, BXAiona^ pyAHbie, othochtcabho 
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ropH30HTa hh/Khhx TaKCHTOBbix ra66po- ao jiepHTOB. Bh^ho, hto napareHe3HC peax- 
U,HOHHbIX MHHepaJIOB TaKCHTOBbix T-R (KjlII — rijl 40 — IlHpp) , KOTOpblH o6o3HaneH 
TOHKOH 6 Ha KpHBbIX 3BOJHOU,HH peJKHMa nO£BHJKHbIX KOMIIOHeHTOB (pHC. 11), 

B03HHKaeT npn MaxcHMajibHbix juS, juN a 2 0 h MHHHMajibHbix p0 2 , juC aO. BbmcH^- 
eTC5i, hto ocTajibHbie napareHe3HCbi HaMeTHBinHxca MeTacoMaTHnecKHx 30H no 
peaKu,noHHbiM MHHepajiaM o6pa3yiOTC5i npn 603pacmanuu p0 2 , ^CaO n cnu^cenuu 
I uS , ^Na 2 0. 

Ha npnMepe ^HarpaMMbi pS — ju0 2 (cm. pnc. 11), HMeiomen nnTb nojien 

yCTOHHHBOCTH MTH H3 BOCbMH ynaCTByiOmHX B peaKIJ,H5IX MHHepaJIOB, 3 £ecb 
AeMOHCTpnpyioTca rjiaBHbie TeHjjeHijHH CMeHbi napareHe3HCOB b 3aBHCHMOCTH ot 
peXCHMa TJiaBHblX nOABHXCHbIX KOMnOHeHTOB B np011,ecce B03HHKH0BeHH5I ho- 
pnjibCKHx pya. HanfiojibinHe p0 2 xapaxTepHbi rjm nojien y ctohhhbocth rpaHaTa 
(rpoccyji^p-aHApaTHTOBoro cocTaBa) h MarHeTHTa. Mcne3HOBeHHe rpaHaTa h nosiB- 
jieHHe 6noTHTa h poroBOH o6MaHKH nponcxoAHT npn chhjkchhh p0 2 . C noBbimeHHeM 

nocjieAOBaTejibHO Hcne3aiOT MarHeTHT, 6hotht, poroBaa o6MaHxa, rpaHaT. 
CoBMeCTHO C nnppOTHHOM OCTaiOTC^ yCTOHHHBbIMH njiarHOKJia3 (Nq 40) c kjih- 
HonHpoKceHOM. npn AajibHeHineM B03pacTaHHH juS AOCTHraeTC^ yxce o6;iacTb yc- 
TOHHHBOCTH OpTOKJia3a C nHppOTHHOM H nJiarH0KJia30M. JlHHIb npn CaMbIX BbICOKHX 
p0 2 , juS h ^H 2 0 HCKjnoHHTejibHO pacnpocTpaHeHHbiH napareHe3HC Kjin — n;i 40 
CMeH5ieTC5i cooTBeTCTBeHHO napareHe3HcaMH Tp —OpT, nnpp— OpT h Bh —OpT. 
TaKHMH KpaHHHMH OTKJIOH0HH5IMH 5IBJI5IIOTC5I COOTBeTCTBCHHO OpTOKJia3COJjepJKa- 
mne cxapHbi py^HHxa „IOxcHbiH” [3ojiOTyxHH, BacnjibeB, 1964], opTOKjia3-cyjib- 
(J)H^Hbie (HJIH OpTOKJia3-KJIHHOnHpOKCeH-CyjIb(})HAHbie) XCHJIbI Ha npOAOJI^CeHHH 
hhcto cyjib(J)HAHbix xchji ynacTxa py^HHKa „3anoji5ipHbiH” [3ojiOTyxHH, BacnjibeB, 
1967] h paHHeMeTacoMaTHnecKne HOBOo6pa30BaHH5i b khcjibix rn6pHAHbix Tpanno- 
Bbix nopo/jax [3ojiOTyxHH, 0 jichhhkob , 1963]. Ecjih npou,ecc H/jeT TOJibxo npn 
HapacTaHHH juS npn nocTO^HHOM p0 2 , to npn nepeceneHHH kphboh paBHOBecna 
nnpp —Mr AOCTHraeTCH nojie, r^e Bee accou,Hau,HH peaxijHOHHbix MHHepaJIOB nep- 
BOHanajibHO coxpaHsnoTca h TOJibxo MarHeTHT 3aMemaeTC5i nnppoTHHOM (cm. 
.pHC. 11, nyHKTHp 1 — 1). npH OTHOCHTeJIbHO HH3KHX yCTOHHHBbIX JuS npH CHHJKCHHH 
p0 2 KpHCTajuiH3au,H^ HanHHaeTca c MarHeTHTa b o6jiacTH ycTOHHHBOCTH rpaHaTa 
(accou,Hau,H5i Tp—Mr, Tp— OpT). npn AajibHeinneM chhjkchhh p0 2 MarHeTHT MoxceT 
3aMecTHTbC5i nnppoTHHOM eme b nojie ycTOHHHBOCTH rpaHaTa (cm. pnc. 11, nyHKTHp 

3 — 3). npn 6ojiee bbicokhx b ycjiOBH5ix na/jeHH5i p0 2 MarHeTHT He no5iBji5ieTC5i 
h c Hepy^HbiMH MHHepajiaMH cpa3y BbmejraeTC5i nnppoTHH (cm. pnc. 11 , nyHKTHp 

4 — 4). Kax bh/jho Ha zmarpaMMe, MarHeTHT c nnppoTHHOM ycTOHHHB Ha cootbctct- 
Byiomen kphboh paBHOBecHH, a Taxxce b y3JiOBbix TonKax b accou,Hau,H5ix: 1) Tp, 
nji 40 , Mr, nnpp, P, 0 h 2) Tp, Bh, Mr, nnpp. PeajibHOCTb o^HOBpeMeHHOH 
KpHCTajuiH3au,HH b cyjib(})HAHbix pyjjax ^ce;ie3a b cyjibcJiHAHOH h okhchoh (JiopMax 
noATBep^cAaeTCH Ha6jiKmaeMbiMH opneHTHpoBaHHbiMH cpocTxaMH MarHeTHTa c nnp- 
POthhom [reHKHH, 1950]. IIoiiBjieHHe MarHeTHTa hjih nnppoTHHa ot H3MeHeHH5i 
TeMnepaTypbi He 3hbhcht, nocxojibxy jihhha paBHOBecHH nnppoTHH—MarHeTHT 
pacnojiaraeTC5i napajuiejibHO och ^H 2 0 [3ojiOTyxHH, 1964], a 3aBHCHT hckjiio- 
HHTeJIbHO OT H fl0 2 , T. e. OT CTeneHH HHTeHCHBHOCTH CyjIb(J)ypH3aiI,HH, npOHCXO- 

/mmen Ha o6m;eM (JiOHe napajuiejibHO H^ymero MeTacoMaTHnecKoro npou,ecca. 

H 3 Bcero CKa3aHHoro BbiTexaeT, hto ecjin He cnHTaTb opToxjia3-cyjibcJ)H3Hbix 
o6pa30BaHHH, Ha6jnoAaBinHxc5i Ha npoAOJixceHHH cyiibcJiH^Hbix xchji h o6pa3o- 
BaBinHxca npn eme 6ojibniHx ^S, neM peaKu,HOHHbie MHHepajibi TaKCHTOBbix r-^, to 
opytfeHeHHe b ochobhbix nerMaTOH^ax aojixcho 6bmo o6pa30BaTbca npn 6jih3khx k 
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MaKCHMajIbHbIM //S, B TO BpeM5I KaK B nopOAaX CaMOH HHTpy3HH, BMemaiOmeH 
nerMaTOH^bi, opyAeHeHne o6pa30Ba;iocb npn B03pacTaHnn^0 2 (MaxcHMajibHOM npn 
o6pa30BaHHH opTOKjia3COAep^amHx cxapHOB). noAnepKHeM npn otom, hto MHorne 
H3BecTHbie cxapHOBbie napareHe3ncbi 5iba5iiotc5i nacTHbiMH npo5iBAeHH5iMH ynoM 51- 
HyTbix accou,Haii,HH peaKijnoHHbix o6pa30BaHnn b hophjibckhx pyAax n 3Ta A*iar- 
paMMa npeACTaBjiaeT o6mnn HHTepec. 


3. OCOEEHHOCTH BEIH,ECTBEHHOrO COCTABA CYJIbQHAHblX 
MEAHO-HHKEJIEBbIX PYA HOPHJIbCKOrO THI1A 
H IlPObJIEMA HX TEHE3HCA 

npeacAe neM o6paTHTbC5i k oco6eHHocT5iM BemecTBeHHoro cocTaBa BxpanjieH- 
HblX, np02KHJIK0B0-BKpaiIJieHHbIX H MaCCHBHbIX (iIHppOTHHOBblX, XajIbKOIIHpHTOBblX, 
Ky6aHHTOBbIX, TajIHaXHTOBbIX H MOHXyKHTOBblx) HOpHJIbCKHX pyA OCTaHOBHMC5I Ha 
oco6eHHOCT5ix cocTaBa ejiaenbix pydnbix MunepcuioG , Hcno;ib3y5i AJia 3Toro caMbie 
nocjie/jHHe ony6jiHKOBaHHbie no hhm AaHHbie [Distler, Kunilov, 1994] aa5i nocTpo- 
eHH5i pa^a noKa3aTe;ibHbix A^arpaMM. 

IlHppoTHHbi TajiHaxa 

Ha ^warpaMMe Fe — S (cjmr. 15) npn conocTaBjieHnn cocraBOB nnppoTHHa H3 
BKpanjieHHOCTH b nnKpnTOBbix n b TaxcHTOBbix ra66po- ao jiepnTax, a TaKAce b 
npoacnjiKOBO-BKpanjieHHbix n MaccnBHbix pyAax ycTaHaBAHBaeTca cjie^yiomee. 
Han6o;ibma5i o6orameHHOCTb cepon n o6eAHeHHOCTb ^ce;ie30M npncyma nnppoTHHaM 
TaxcHTOBbix r-A n npo^cnjiKOBO-BKpanjieHHbix pyA. CpeAH5i5i n MaxcnMaAbHaa 
^ce;ie3HCTOCTb xapaxTepHa rjisl nnppoTHHOB nnKpnTOBbix r-A. nnppoTHHbi H3 Mac- 
CHBHbix pyA 3aHHMaiOT Ha AnarpaMMe o6nmpHoe npoMeacyTonHoe noAoaceHHe h no 
cepHHCTOCTH, h no ^cejie3HCTOCTH. nnppoTHHbi nnKpnTOBbix r-A o6pa3yiOT npoTsi- 
aceHHyio o6innpHyio nojiocy ot Kpaime ^ce;ie3HCTbix cocTaBOB, 6jih3khx k TponjinTy, 
AO Maji02Kejie3HCTbix cocTaBOB, yace CAHBaiomnxcsi c cocraBaMH nnppoTHHOB npo- 
^cnjiKOBO-BKpanjieHHbix n TaKCHTOBbix pyA, nepecexaa Ha A^arpaMMe MecTonoAO- 
aceHne nnppoTHHOB MaccnBHbix pyA. nnppoTHHbi hhachhx h BepxHnx TaxcnTOB no 
cocTaBy Ha A^arpaMMe npaxTHnecKH coBnaAaiOT. B ijeAOM 3Aecb AGMOHCTpnpyeTCH 
TeHACHii,H5i (HeAHHenHa^ 3aBncnMOCTb) B03pacTaHH5i cepHHCTOCTH nnppoTHHOB c 
yMeHbineHHeM aceAe3HCTOCTH. 

AwarpaMMa Fe — Ni (c})Hr. 16) AeMOHcrpnpyeT noAo6Hyio ace HeAHHeimyio 
3aBHCHMOCTb tax TeHACHu,Hio). Ha6AK>AaeTC5i Han6oAbina5i c6AnaceHHOCTb noAen 
COCTaBOB nnppoTHHOB AA5I TaKCHTOBbix (BepXHHX H HHACHHX) H npOACHAKOBO-BKpan- 
AeHHbix pyA. 3aMeTHyio o6oco6AeHHOCTb noKa3biBaiOT noA5i cocTaBOB nnppoTHHOB 
AA5i pyA MaccnBHbix h nnKpnTOBbix r-A. HanMeHbinyio HHKeAHCTOCTb hmciot 
nnppoTHHbi nnKpnTOBbix r-A, hto yAHBHTeAbHO npn Aonymemm nx nepBHHHO-Mar- 
MaTnnecKoro — AHKBau,noHHoro reHe3nca, xorAa 6oAbma5i nacTb HnxeA5i AOAACHa 
6bi KOHu,eHTpnpoBaTbC5i yace b cyAb(J)HAHOM pacnAaBe. 

AwarpaMMa Ni — S (cjmr. 17) coctoht KaK 6bi H3 oTACAbHbix 6aokob, npeACTaB- 
AeHHbix nnppoTHHaMH b ranax pyA, ynoMsmyTbix Bbinie n AeMOHCTpnpyiomHx 
HeAHHenHyio 3aBncnMOCTb MeacAy Ni n S. B35iTbie b coBOKynHOCTH ohh yKa3biBaiOT 
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Ha cymecTBOBaHHe o6men TeHACHijHH npsiMOH 3aBHCHMOCTH. B nopn^Ke B03pa- 
CTaHHH HHKejIHCTOCTH IIHppOTHHbl paCnOJiaraiOTCH B CJie^yiOmHH p HA* nHKpHTOBbie 
r-A — MaccHBHbie pyAbi — npoJKHjiKOBo-BKpanjieHHbie pyAbi — TaKCHTOBbie r-A. B 
SojibineH Mepe k nnppoTHHaM TaxcHTOBbix r-A Ha AnarpaMMe TaroTeiOT nnppoTHHbi 
npo^cHjiKOBo-BKpanjieHHbix pyA, a k nnppoTHHaM nHKpHTOBbix r-A — MaccHBHbix 
pyA. Ba^cHO OTMeTHTb Taxace, uto npn 6jih3kom mcljiom ypoene HUKejiucmocmu 
HMeeTCH 3HaHHTejIbHbIH £Hana30H CepHHCTOCTH y nnppOTHHOB nHKpHTOBbix H 
MaccHBHbix pyA. HanpoTHB, npn 6jih3kom bbicoxom ypoBHe CepHHCTOCTH cymecTByeT 
SojibuioH Anana30H Hiucejiucmocmu y nnppoTHHOB TaxcHTOBbix r-A h npoJXHjixoBO- 
BKpanjieHHblX pyzj H HX HHKejIHCTOCTb (J)aKTHHeCKH yace He 3aBHCHT OT H3MeHeHHH 
CepHHCTOCTH B OTJIHUHe OT nHppOTHHOB B nHKpHTOBbix H MaCCHBHbIX py AaX. 
IIoA^epKHeM eme, uto nnppoTHHbi H3 MajiocyjibtJiHAHbix BepxHHx toph30htob 
py^OHOCHbix HHTpy3HBOB, b o6meM, 6jih3kh no cocTaBy k nnppoTHHaM hhjkhhx 
TaxcHTOBbix r-A, corjiacHO nocjie^HHM AaHHbiM [CjiyjxeHHXHH h a p., 1994]. 

IleHTjiaH^HTbi TajiHaxa 

Ha AnarpaMMe Ni—Fe (cjmr. 18) npoaBjraeTCsi ueTxo BbipajxeHHaa o6paTHan 
jiHHeHHasi 3aBHCHM0CTb MejxAy Ni h Fe b cocTaBe neHTjiaHAHTOB b pyAax Tajmaxa, 
yxa3biBaioma5i Ha H30Mopc{)H3M othx AByx ojicmchtob. BaacHO otmcthtb MaxcHMajib- 
HblH H epe^HKH ypOBeHb HHKejIHCTOCTH H COOTBeTCTBeHHO MHHHMajIbHblH H Cpe^" 
HHH — ^Cejie3HCTOCTH neHTjiaHAHTOB H3 npOJKHJIKOBO-BKpanjieHHblX pyA, K KOTOpbIM 
Ha AnarpaMMe thtotciot neHTjiaHAHTbi TaxcHTOBbix toph30htob (hhjkhhx h Bepx- 
hhx) . Ilpn 3tom neHTjiaHAHTbi H3 BepxHHx MajiocyjibtJiHAHbix ropH30HTOB [Cjiy- 
^ceHHKHH h AP-, 1994] Han6ojiee 6jih3kh no cocTaBy ko BceMy Anana30Hy cocTaBOB 
neHTjiaHAHTOB b npoJXHjixoBo-BxpanjieHHbix pyjjax. HanpoTHB, neHTjiaHAHTbi H3 
nHKpHTOBbix r-JJ H MaccHBHbix pyA XapaKTepH3yiOTC5I MaKCHMajIbHbIM H epe^HHM 
ypOBHeM ^Cejie3HCTOCTH H CpejJHHM H MHHHMajIbHbIM ypOBHeM HHKejIHCTOCTH H Ha 
AnarpaMMe neHTjiaHAHTbi o6ohx ranoB pyA 6jih3ko TaroTeiOT jjpyr k Apyry. 

IlepeKpbiTHe cocTaBOB neHTjiaHAHTOB Bcex neTbipex paccMaTpHBaeMbix TnnoB 
pyA Ha6jnoAaeTC5i jihiub b o6jiacTH cpeAnnx 3HaneHHH ypoBHen coAepjxaHHH HHxejin 
h 2Kejie3a, ho ohh cocTaBjraiOT OTHOCHTejibHO Majiyio nacTb ot o6mero Anana30Ha 
cocTaBOB H3yneHHbix neHTjiaHAHTOB. TjiaBHaH nacTb neHTjiaHAHTOB npoJXHjixoBo- 
BxpanjieHHbix pyA nonaAaer b BbicoxoHHxejiHCTyio h HH3KOJxejie3HCTyio o6jiacTb 
AnarpaMMbi, b to BpeMH xax rjiaBHaa Macca neHTjiaHAHTa MaccHBHbix pyA nonaAaeT 
b BbicoKo^ceAe3HCTyio h HH3KOHHKejiHCTyio uacra AnarpaMMbi, yxasbiBan, oueBHAHo, 
Ha CHH^ceHne Ni b pacTBopax Ha yAajieHHH ot 30h, npoBOAflnjHx hx xax b npeAejiax 
TaKCHTOBbIX (nerMaTOHAHblx) r0pH30HT0B, Tax H npOJKHAKOBO-BKpanAeHHbIX pyA. 

Cyjib(})HAbi rpynnbi xajibKonnpHTa H3 pyA TajiHaxa 

Ha AwarpaMMe Fe— Cu (cjmr. 19) npn conocTaBjieHHH cocTaBOB MHHepajioB 
rpynnbi xajibKonnpHTa H3 MaccHBHbix h BxpanjieHHbix (b TaxcHTOBbix h nHxpHTO- 
bwx t-a) pyA TajiHaxa BbmcHneTCH cjieAyiomee. C yMeHbineHHeM jxejie3HCTOCTH 
cocTaBa MHHepaAOB rpynnbi xajibxonnpHTa B03pacTaeT hx MeAHCTOCTb b TaxoM 
nop^AKe: HHxejiHCTbie nyTopaHHTbi — xajibxomipHTbi — nyTopaHHTbi — MOHxyxn- 
th — TajmaxHTbi. IJeHTpajibHyio nacTb AnarpaMMbi 3aHHMaeT npoT5DxeHHbiH pha 
xaAbKonnpHTOBbix cocTaBOB, npnneM Hanfiojiee Maji0Jxejie3HCTa5i h BbicoxoMeAHCTaa 
ero nacTb npeACTaBjieHa xajibKonnpHTaMH BKpanjieHHbix pyA b nHKpHTOBbix h 
TaxcHTOBbix r-A (b TOM HHCAe B MajIOCyjIb(J)HAHbIX T0pH30HTax). Iloxo^ce, hto npn 
coxpaHeHHH oSparaoH CB5I3H Fe h Cu Ha npoAOJDKeHHH xaAbKonnpHTOBoro p^Aa b 
COCTaBaX nyTOpaHHTOB, MOHXyKHTOB H TaAHaXHTOB HX 3aBHCHMOCTb yJKe OCAa6eBaeT 
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(yroji HaKjioHa TpeH/ja cocTaBOB k och KOHu,eHTpau,HH Cu craHOBHTca 6ojiee KpyTbiM, 
neM paHee). KpaHHHMH Han6ojiee Me^HCTbiMH h HH3KOJKejie3HCTbiMH aBjiaiOTca 
COCTaBbI TajraaXHTOB H3 nHKpHTOBbIX r-jj. 

Ha AwarpaMMe Cu—S (c})Hr. 20) xoporno BHjpia o6njaa TeH/jemjHa k o6paTHOH 
3aBHCHMOCTH 3THX JJByX 3JieMeHT0B. IIpH 3T0M Hanfiojiee MejJHCTbIMH H HaHMeHee 
CepHHCTbiMH HBJIHIOTCH TajIHaXHTbl, IiyTOpaHHTbl H MOHXyKHTbl. MeHee MejJHCTblMH 
h Hanfiojiee cepHHCTbiMH aBjiaiOTca xajibKonnpHTbi h eme MeHee Me^HCTbiMH — 
HHKejiHCTbie nyTopaHHTbi. 

Ha ^warpaMMe Fe—S (c{)Hr. 21) Ha6jnojjaeTca o6maa TeHjjeHijHa k npaMOH 
3aBHCHMOCTH 3THX JJByX 3JieMeHT0B. HaHMeHee ^Cejie3HCTbIMH H HaHMeHee cep¬ 
HHCTbiMH 5IBJI5IIOTC5I TajIHaXHTbl H3 nHKpHTOBbIX T-J\. CpejJHaa JKCJie3HCTOCTb H 
CepHHCTOCTb o6Hapy^CHBaeTCH y nyTOpaHHTOB H MOHXyKHTOB, B TO BpeMH KaK 
MaKCHMajibHan JKejie3HCTOCTb — y HHKejiHCTbix nyTOpaHHTOB. CpejjHaa acejie- 
3HCTOCTb h Hanfiojibinaa CepHHCTOCTb OTMenaeTca y Bcero pazja xajibKonnpHTOB, 
npnneM MaKCHMajibHaa — y xajibKonnpHTOB H3 TaKCHTOBbix r-jj. 3 to yKa3biBaeT Ha 
npHyponeHHOCTb k B03pacTaHHio /uS bo3hhkhobchh5i xajibKonnpHTOB, npnneM MaK- 
CHMajibHbie /uS y xajibKonnpHTOB TaKCHTOBbix r-A CBHjjeTejibCTByiOT o hx 6jih30Cth 
k rjiaBHbiM npoHHii,aeMbiM 30HaM jyia (Jijhohaob. 

Oco6eHHocTH cyjib^H^Hbix 3nr-Cu-Ni pyjj HopwjibCKoro rana 

OSpaTHMCH k aHa;iH3y pajja jjnarpaMM, nocTpoeHHbix HaMH no nocjiejyiHM 
ony6;iHKOBaHHbiM aHajiHTHnecKHM jjaHHbiM [Distler, Kunilov, 1994 ] £jia BKpanjieH- 
hmx, npoacHjiKOBo-BKpanjieHHbix h pa3Hoo6pa3Hbix MaccHBHbix py n TajiHaxa. Ha 
4-oceBOH nayKOBOH jjHarpaMMe Ni —Cu—Co—S (({nir. 22) djin K)3 eemeu Bepx- 
HemajibiaxcKoeo unmpy3UGa conocTaBjiaiOTca cocTaBbi BKpanjieHHbix, npoacnjiKOBO- 
BKpanjieHHblX H MaCCHBHbIX nHppOTHHOBbIX pyft. MOJKHO BH^eTb, HTO II,eHTpajIbH0e 
nojioaceHHe Ha ^narpaMMe 3aHHMaiOT BKpanjieHHbie pyflbi, nepnc{)epHnecKoe — 
MaccHBHbie nnppoTHHOBbie h npoMeacyTonHoe — npoJKHjiKOBo-BKpanjieHHbie. Kap- 
THHa oneHb HanoMHHaeT 3BOjnon,HOHHyio CMeHy ot npoHHii,aeMoro KaHajia nepBo- 
HanajibHO 30Hbi BKpanjieHHbix pyn (nepBaa CTajjna opy^eHeHna), 3aTeM npoacnjiKO- 
BO-BKpanjieHHbix (BTopaa CTa^na) h, HaKOHeu,, cnjioniHbix nnppoTHHOBbix py^ 
(TpeTba CTa^na opyAeneHHa). Cyjja no cooTHomeHHio cojjepjKaHHa cepbi, cyjibtJmjjbi 
bo BKpanjieHHbix pyjjax cocTaBjiaiOT okojio 10 %, b npoJKHjiKOBo-BKpanjieHHbix — 
20 %, ecjiH b MaccHBHbix hx 100 % ot o6 , beMa pyjjbi. npn 3tom MaccHBHbie 
nnppoTHHOBbie pyjjbi CTaHOBaTca Henponopu,HOHajibHo 3aMeTH0 6ejjHee Me/jBio h 
Ko6ajibTOM, neM BKpanjieHHbie npn 6jih3koh KOHu,eHTpau,HH HHKejia (Ha e/jHHHijy 
CyjIb(J)HAHOH Maccbi). 

Ha 8-oceBOH nayKOBOH jjnarpaMMe 3Iir— Au — Ag (cJ^ht. 23) djin K >3 Gemeu 
Tajmaxa conocTaBjiaiOTca 6jiaropoAHOMeTajuibHbie cocTaBbi BKpanjieHHbix, npo- 
^cHjiKOBo-BKpanjieHHbix h MaccHBHbix nnppoTHHOBbix py jy U,eHTpajibHoe nojio- 
^ceHne 3aHHMaeT MHoroyrojibHHK BKpanjieHHbix py^, nepncJiepHnecKoe — Mac¬ 
cHBHbix h npoMejKyTOHHoe — npoJKHjiKOBo-BKpanjieHHbix. HecKOJibKO OTKjioHaioTca 
ot Taxon no3Hii,HH jiHinb Os h Ag b npojKHjiKOBo-BKpanjieHHbix py^ax. XapaKTepHa 
6jiH3Kaa KOH(J)Hrypaii,Ha BOCbMHyrojibHHKOB Pt — Pd — Rh —Ir —Ru —Os— Au —Ag 
jjjia Bcex Tpex TnnoB pyjy hto yxa3biBaeT Ha OTHocHTejibHyio CTa6njibH0CTb 
cooTHomeHHa b hhx npoaBjieHHa paccMaTpHBaeMbix 6jiaropo£Hbix 3jieMeHT0B h 
BepoaTHoe 6jih3ko ojjHOBpeMeHHoe cjjopMHpoBaHHe Bcex Tpex TnnoB py^. Pa3HHii,a 
coctoht jiHinb b MacniTa6ax npoaBjieHHa, t. e. ot BKpanjieHHbix py^ no cnjioniHbix 
no Mepe 3aMemeHHa nopojjbi cyjibtJmjjaMH h b 3HanHTejibHOH o6ejjHeHHOCTH 6jiaro- 
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pOAHbIMH 3JieMeHTaMH MaCCHBHbIX pyA (no CpaBHeHHIO C BKpanjieHHbIMH B cyjlb- 
(JniAax). 

Ha 4-oceBon nayxoBOH AnarpaMMe Ni—Cu—Co—S (fanr. 24) conocTaBjraiOT- 
ch cocTaBbi Tpex ranoB MaccHBHbix pyA: nnppoTHHOBbix, Ky6aHHTOBbix n TajmaxnTO- 
bwx djisi KD3 Qemeu Tajmaxa. Xopoino bhaho, uto onpe^ejiniomeH b cocTaBax 3thx 
py a npn nepexoAe ot nnppoTHHOBbix uepe3 xy6aHHTOBbie k TajmaxnTOBbiM HBjineTCH 
Me^b. npn 3tom 3aMeTHO yMeHbinaeTCH b cocTaBe pyA xoAHuecTBo Co, a Ni b Majion 
CTeneHH yBeAHUHBaeTCH. no OTHomeHmo k nnppoTHHOBbiM pyAaM MeHee cep- 
HHCTblMH 5IBA5IIOTC5I Ky6aHHTOBbie H 6oJiee CepHHCTbIMH — TajIHaXHTOBbie. OTCyT- 
CTByeT CTa6njibHOCTb b cooTHomeHnn rjiaBHbix KOMnoHeHTOB paccMaTpnBaeMbix pyA 
MeacAy co6oh. TeM He MeHee moacho nojiaraTb, uto hmchho nnppoTHHOBbie pyAbi 
cjiy^caT nepBOHanajibHOH ochoboh rjisi npeo6pa30BaHH5i hx BHanajie b Ky6aHHTOBbie, 
a 3aTeM b TajmaxHTOBbie pyAbi c B03pacraiomHM npHBHOcoM Cu h bbihocom Co. 

Ha 8-oceBOH nayxoBOH AnarpaMMe 3Iir—Au—Ag (cjmr. 25) conocTaBjiniOTCH 
6jiaropoAHOMeTa;uibHbie cocTaBbi Tpex ranoB MaccHBHbix pyA: nnppoTHHOBbix, 
Ky6aHHTOBbix h TajiHaxHTOBbix HD 3 eemeu Tcuinaxa. CoAep^aHHH njiaTHHbi h 
najuia^HH pe3KO noBbimeHbi b TajiHaxHTOBbix pyAax no cpaBHeHHio c Ky6aHHTOBbiMH 
h nnppoTHHOBbiMH (npnueM Pd Bbime b Ky6aHHTOBbix, ueM b nnppoTHHOBbix). Hto 
xacaeTCH Rh, Ir, Ru h Os, to MaxcHMajibHbie hx coAep^aHHH OTMeuaiOTca b 
nnppoTHHOBbix pyAax, b to BpeMH xax Rh h Os 6ojibine b Ky6aHHTOBbix no 
cpaBHeHHio c TajiHaxHTOBbiMH, a Ir h Ru, Han6opoT, MeHbine. MaxcHMajibHoe 
coAep^caHne Au h Ag (noAo6HO Pt h Pd) Ha6AiOAaeTC5i b TajiHaxHTOBbix pyAax, ho 
Ag (noAo6HO Pd) 6ojibine b Ky6aHHTOBbix no cpaBHeHHio c nnppoTHHOBbiMH, a Au 
Hao6opoT. B OTjiHune ot AnarpaMMbi 3nr—Au—Ag /yra BxpanjieHHbix, npoacHAxo- 
Bo-BKpanjieHHbix h MaccHBHbix nnppoTHHOBbix pyA (cm. cjmr. 23) AaHHaa AnarpaM- 
Ma (cm. ({mr. 25) yxa3biBaeT Ha HecTa6njibHOCTb cooTHomeHHH 6;iaropoAHOMeTaji- 
jibHbix 3jieMeHT0B b paccMaTpnBaeMbix pyAax. 3to cbhactc AbCTByeT, ohobhaho, o 
HepaBHOU,eHHOM BJIH5IHHH Ha 3TH 3JieMeHTbI CO CTOpOHbl Cu, COAep^XaHHH KOTOpOH 
pe3KO B03pacTaiOT b MaccHBHbix pyAax ot nnppoTHHOBbix k Ky6aHHTOBbiM h ^ajiee 
K TajIHaXHTOBbIM. 06MCHHTb 3T0 M02KH0 nOCJietfOBaTejIbHblM npeo6pa30BaHHeM 
nnppoTHHOBbix B Ky6aHHTOBbie H TajIHaXHTOBbie pyAbi C HHTeHCHBHbIM npHBHOCOM 
Me^n BbicoKOTeMnepaTypHbiMH c{)AiOHAaMH h conyTCTByiomHx en 6;iaropoAHOMeTaji- 
jibHbix 3jieMeHT0B. Oco6eHHo 3aMeTH0 3to no noBeACHHio Pt, Pd, Au h Ag, xoTopwe 
5ibho npHBHOCHTCH, a Taxace no noBeACHHio Rh, Ir, Ru h Os, KOTopbie aoaachm npn 
3tom 3aMeTHO BbiHOCHTbCH H3 nnppoTHHOBbix pyA. Taxoe npeo6pa30BaHHe cyjib- 
({iHAHbix pyA aoa^cho 6biTb Ha MeHee BbicoxoTeMnepaTypHon CTaAHH pyAOo6pa30- 
BaHHH no cpaBHeHHio c (JiopMHpoBaHHeM 3Aecb nnppoTHHOBoro opyAeneHHH. K eme 
6o;iee HH3KOTeMnepaTypHOH CTaAHH 3nr opydenenun c caMocmonmejibHbiMu (fra- 
3aMU OTHOCHTC5I TaXOBOe, B03HHXai0mee B MajIOCyjIb({)HAHbIX T0pH30HTaX BepXHHX 
nerMaTOHAOB pyAOHOCHbix HHTpy 3 HBOB HopnAbcxoro Tnna [Ph6ob, 1992; Cjiy- 
^ceHHXHH h AP-, 1994] h yace hbho 6jiH3xoe x THApoTepMajibHOMy reHe3ncy. 

Ha 4-oceBOH nayxoBOH AnarpaMMe Ni — Cu—Co—S (cjnir. 26) conocTaBjraiOT- 
ch cocTaBbi BxpanAeHHbix, npo/KHjixoBo-BxpanjieHHbix h MaccHBHbix nnppoTHHOBbix 
pyA XapaejiaxcKou unmpy3uu. Kax h ajih noAo6Hbix pyA 103 BeTBH Tajmaxa, b 
u,eHTpe AnarpaMMbi pacnojiaraiOTca BxpanjieHHbie pyAbi, na nepncJiepHH — Mac- 
CHBHbie, a Me^cAy hhmh — npoJKHjixoBo-BxpanjieHHbie. nocjieAHHe 6ah3xh no 
COAepACaHHIO MeAH X MaCCHBHbIM pyAaM, HO 3aMeTHO OTJIHHaiOTCSI OT HHX no 
coAep^aHHio Apyrnx xoMnoHeHTOB. Cxopee Bcero, 3th pyAbi, Kax h ajih 103 BeTBH 
TaAHaxa, npeACTaBjraiOT co6oh Tpn CTaAHH Han6oAee BbicoxoTeMnepaTypHoro cy- 
mecTBeHHO nnppoTHHOBoro opyAeneHHH. CyAfl no cooTHomeHHio cepw b 3thx pyAax, 
CyAb(J)HAbI COCTaBAHIOT BO BXpanjieHHbIX pyAax OXOAO 17 % , B npOatHAXOBO-BXpan- 
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jieHHbix 45 %, ecjiH b MaccHBHbix hx 100 %. MaccHBHbie pyzjbi npn 3 tom, xax 
cjie^yeT H3 hx coeraBa, CTaHOBHTCsi 3aMeTH0 6e^Hee Co h Cu, ueM BxpanjieHHbie 
(Ha eAHHHii,y cyjibtJmAHOH Maccbi). 

Ha 8 -oceBOH nayxoBOH jjnarpaMMe 3Iir —Au—Ag (c{)Hr. 27) conocTaBjinioTCH 
6 ;iaropoAHOMeTajijibHbie cocTaBbi BxpanjieHHbix, npoJKHjixoBo-BxpanjieHHbix h Mac- 
CHBHbix nnppoTHHOBbix pyjj XapaejiaxcKOu unmpy3uu. Kax h jjjih Taxnx ace py/j K)3 
BeTBH Tajmaxa, u,eHTpa;ibHoe nojioaceHHe 3aHHMaeT MHoroyrojibHHx BxpanjieHHbix, 
nepncJ)epHHecKoe — MaccHBHbix h npoMeacyTouHoe — npoacHjixoBo-BxpanjieHHbix 
pyxj. 3aMeTHO otkjiohhiotch ot Taxon iio3hij,hh jinuib cotfepacaHHH Os, Ag h Au 
npo^cHjiKOBo-BKpanjieHHbix py^. B ochobhom Ha6jnojjaeTC5i 6jiH3xa5i xoH(J)Hrypaii,H5i 
BOCbMHyrojibHHKOB Pt — Pd —Rh—Ir—Ru— Os —Au—Ag jjjih Bcex Tpex ranoB pyjj. 
3t0 CBHAeTejIbCTByeT 06 OTHOCHTejIbHOH CTa 6 HJIbHOCTH COOTHOUieHHH B HHX pac- 
CMaTpHBaeMbix 6 jiaropojjHbix sjieMeHTOB h, oueBHjjHo, o cymecTBeHHo ojjHOBpeMeH- 

HOM (J)OpMHpOBaHHH BCeX Tpex THIIOB pyjj, XOT5I MaCCHBHbie pyjjbl H CTaHOBHTCH 
3aMeTH0 6ejjHee BceMH sthmh 3jieMeHTaMH, ueM BxpanjieHHbie (Ha ejjHHHijy 
CyjIb(J)HAHOH Maccbi). 

Ha 4-oceBOH nayxoBOH jjnarpaMMeNi— Cu — Co — S (cjuir. 28) conocTaBjraioT- 
ch cocTaBbi Tpex ranoB MaccHBHbix pyjj: nnppoTHHOBbix, Ky6aHHTOBbix h Monxy- 
khtobmx XapaejiaxcKOu unmpy3uu. OnpejjejraeT cocTaB 3 thx pyjj Mejjb c nepexojjOM 
OT nnppoTHHOBbix K Ky6aHHTOBbIM H ^ajiee K MOHXyKHTOBbIM. npH 3T0M HeCKOJIbKO 
yMeHbinaeTCH Ha e^HHHii,y cyjibtJiHjjHOH Maccbi cojjepacaHHe b pyjjax Ko6a;ibTa, a 
Taxace HHxejiH h Hecxojibxo B03pacTaeT no OTHOineHHio x nnppoTHHOBbiM pyjjaM 
CepHHCTOCTb Xy6aHHTOBbIX H MOHXyXHTOBbIX py^. Cy^H no COOTHOUieHHK) py^HblX 
xoMnoHeHTOB—nojinroHOB Ha AuarpaMMe, nnppoTHHOBbie pyjjbi cjiyacaT ochoboh 
jjjih npeo6pa30BaHHH hx c npHBHOcoM MejjH BHauajie b xy6aHHTOBbie, a 3aTeM h 
MOHX yXHTOBbie. 

Ha 8-oceBOH nayxoBOH jjnarpaMMe 3Iir— Au — Ag (cjmr. 29) conocTaBjimoTca 
6;iaropoAHOMeTajijibHbie cocTaBbi Tpex ranoB MaccHBHbix pyjj: nnppoTHHOBbix, 
xy6aHHTOBbix, MonxyxHTOBbix XapaejiaxcKOu unmpy3uu. MoacHO BHjjeTb, uto xoh- 
n,eHTpan,HH 6ojibniHHCTBa 3 thx 3jieMeHT0B (xpoMe Rh, Ru, Ir) HaH6ojibuiHe b 
M onxyxHTOBbix pyjjax, Ru, Rh Hecxojibxo npeo6jiajjaiOT b nnppoTHHOBbix, a Ir — 
b xy6aHHTOBbix py^ax. no oerajibHbiM 3jieMeHTaM (xpoMe Os) cojjepacaHHH b 
xy6aHHTOBbix pyjjax Bbirne, ueM b nnppoTHHOBbix. npn 6 jih3xoh xoH({)Hrypaii,HH 
MHoroyrojibHHxoB Ha paccMaTpHBaeMOH nayxoBOH ^narpaMMe MoacHO BHjjeTb, uto b 
o6meM u,eHTpa;ibHoe nojioaceHHe Ha Hen 3aHHMaiOT nnppoTHHOBbie, nepnctiepHuec- 
xoe — MOHxyxHTOBbie h npoMeacyTouHoe — xy6aHHTOBbie pyjjbi. 3 to yxa3biBaeT 
Ha OTHOCHTejibHyio CTa6njibHOCTb b cooTHomeHHHx b paccMaTpHBaeMbix MaccHBHbix 
pyjjax 6ojibineH uacra 6jiaropojjHOMeTajuibHbix 3jieMeHT0B c noBbimeHneM a6cojnoT- 
HblX 3HaueHHH HX XOHII,eHTpaiI,HH OT nHppOTHHOBbIX Uepe3 Xy6aHHTOBbie X MOHXy- 
XHTOBblM py^aM. 

Ha 4-oceBOH nayxoBOH jjnarpaMMe Ni— Cu — Co — S (({mr. 30) conoeraBjraioT- 
ca cocTaBbi BxpanjieHHbix h MaccHBHbix nnppoTHHOBbix pyjj CB eemeu Tajinaxa. 
npn 6 jih3xoh xoH({)Hrypaii,HH o6ohx MHoroyrojibHHxoB jjnarpaMMbi n,eHTpajibHoe 
nojioaceHHe 3aHHMaiOT BxpanjieHHbie, a nepH^epnuecxoe — MaccHBHbie nnppoTHHo- 
Bbie pyjjbi. Cyjja no cooTHonieHHio cepbi b 3thx jjb yx Tnnax pyjj, caMH BxpanjieHHbie 
cyjibc})HAbi cocTaBjiHiOT oxojio 10 % ot Been opyjjeHejioH nop ojjbi, b to BpeM5i xax 
MaccHBHbie cyjibc})Hjjbi Bee 100 % pyjjbi. MoacHO BHjjeTb npn 3 tom, uto ecjiH 
xojiHuecTBo Ni nponopu,HOHa;ibHO B03pacTaeT b hhx Toace b 10 pa3, to Co b 5 pa3, 
a Cu TOJibxo b 3,5 pa3a, t. e. b npou,ecce (J)opMHpoBaHHH cnjiouiHbix nnppoTHHOBbix 
py a ohh no cpaBHeHHio c BxpanjieHHbiMH CTaHOBHTCH 6o;iee ueM b nojiOBHHy 6e^Hee 
Co h Cu npn CTa6njibHOM coAep^xaHHH Ni. 
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Ha 8-oceBOH nayxoBOH AwarpaMMe 3Iir— Au — Ag (c{)Hr. 31) conocTaBjmiorai 
6jiaropoAHOMeTa;uibHbie cocTaBbi BKpanjieHHbix h MaccHBHbix nnppoTHHOBbix pyA 
CB eemeu Tannaxa . Ha6;noAaeTC5i oneBHAHoe HecooTBeTCTBHe b xoHctmrypaijHH 
MHoroyrojibHHKOB, oTpaacaiomHx cocTaBbi othx Asyx ranoB pyA. HapymeHa b hhx 
h CTafinjibHocTb b cooTHoineHHH uacra 6jiaropoAHOMeTa;ijibHbix ojicmchtob. 3to 
xacaeTesi npeacAe Bcero Ru, Au h Ag. Ecjih HCxjnouHTb hhcto TexHHHecxne ouih6xh, 
to npnuHHbi 3Toro 3^ecb He coBceM 5ichbi, yuHTbiBaa yjxe paccMOTpeHHbie HaMH 
OAHOTHiiHbie ^narpaMMbi rjisi cooTBeTCTByioiuiHx pyA 103 bctbh TajiHaxa h Xapae- 
jiaxcKoro HHTpy3HBa. 

H30TonHH Pb m S HopwjibCKHx cyjib(J)HAHbix 3Iir—Cu—Ni pyA 
H BMemaiOmHX HX pyAOHOCHbix HHTpy3HH 

B nocjieAHee BpeM5i b jiHTepaType nosiBHjiHCb o6cT05iTejibHbie AaHHbie no 
CBHHu,0B0-H30T0nHbiM nccjieAOBaHHiiM pyA, pyAOHOCHbix HHTpy3HH h c{)JiyA6a3ajib- 
tob HopnjibCKoro panoHa [Wooden et al., 1992]. nojiyneHHbie pe3yjibTaTbi npeA- 
CTaBjiaiOT 6ojibmon HHTepec, xota h AonycxaiOT HeoAH03HanHyio TpaxTOBxy, xax 
Mbi noxaaceM HHJxe. Abtopm u,HTHpoBaHHOH pa6oTbi nojiaraiOT, hto HopnjibCKne 
pyAOHocHbie HHTpy3HBbi npeACTaBjiaioT co6oh „OAHOBpeMeHHbie HHbexn,HH CHjmxaT- 
hoh MarMbi, Harpy^ceHHon HecMecHMon cyjib(})HAHOH jxHAxocTbio, h 6ojibnmx 
o6beMOB nouTH hhctoh cyjibc})HAHOH jkhaxocth”, xoT5i MexaHH3M Taxoro noA'fceMa 
ee ao cnx nop HeaceH [TaM ace, c. 1156]. Ohh nwTaiOTCH o6ocHOBaTb oto 
H 30T0nHbIMH AaHHbIMH no o6pa3U,aM CyjIb(J)HAOB H3 HopHJIbCKOrO H TajIHaXCKOrO 
panoHOB. Ha npnBOAHMbix hmh A^arpaMMax b KoopAHHaTax 206 Pb/ 204 Pb OTHocHTejib- 
HO 207 Pb/ 204 Pb H 206 Pb/ 204 Pb OTHOCHTejIbHO 208 Pb/ 204 Pb MOJKHO BHAeTb, HTO pyAM 
HopnjibCKa h TajiHaxa o6pa3yiOT cooTBeTCTBeHHO cboh o6oco6;ieHHbie rpynnbi 
Tonex, t. e. b cootb eTCTBHH c hx reorpactmnecxHM nojioJxeHHeM. pyA Ho- 

pnjibcxoro panoHa A*iana 30 H OTHomeHHH 206 Pb/ 204 Pb 0T 17,983 ao 18,082, b to 
B peMii xax Rjin py a TajiHaxcxoro panoHa ot 18,122 ao 18,365. 3HauHTejibHbiH 
pa36pOC BejIHHHH H30T0nHbIX OTHomeHHH nOXa3bIBaiOT o6pa3U,bI pyA H3 Komcomojib- 
cxoro pyAHnxa, 0Txji0H5i5icb ot rpynnbi rjiaBHbix AaHHbix, npeACTaBjraa pyAbi 
3aMemeHH5i b ocaAOUHbix nopoAax (MaccnBHbie n BxpanjieHHbie) n 5iBji5i5icb pe3yjib- 
TaTOM xopoBon xoHTaMHHau,HH. Kax oxa3a;iocb, nopoAbi pyAOHOCHbix HHTpy3HH 
HMeiOT H30TonHbie xapaxTepncTHxn, cooTBeTCTByiomHe TaxoBbiM pyA, t. e. reo- 
rpa({)HHecxoe nojioJxeHHe HMeeT 3HaneHne n a^ nopoA H3 pa3Hbix HHTpy 3 HBOB. 
ConocTaBHMbie H30TonHbie OTHomeHHH onpeAejieHbi n jxjisi 6e3pyAHbix HHTpy3HBHbix 
TnnoB cooTBeTCTBeHHO b HopnjibcxoM n TajmaxcxoM panoHax. B nojiHOAH({xt)e- 
peHu,npoBaHHbix HHTpy3H5ix ycTaHOBjieHo BapbnpoBaHne Pb-H30TonHbix cocTaBOB. 
HanpnMep, BHyTpn HHTpy3HBa Hopnjibcx-I A*iana 30 H OTHomeHHH 206 Pb/ 204 Pb 0T 
17,75 ao 18,24, a b XapaejiaxcxoM HHTpy3HBe oh cocraBjraeT ot 17,88 ao 18,30. 
Kax nojiaraiOT aBTopw, oto siBji5ieTC5i pe3yjibTaTOM CMemeHna He MeHee AByx MarM 
C pa3JIHHHbIMH H30T0nHbIMH COCTaBaMH (C COOTHOineHH5IMH 206 Pb/ 204 Pb = 17,7 H 
18,3) Ha xaMepHon CTaAHH b pa3Hbix nponopu,H5ix, hto, no hx mhchhio, noATBep- 
jKAaeTca cocTaBOM rjiaBHbix h peAKHx ojicmchtob h Sr-H30TonHbiMH ashhbimh 
[W ooden et al., 1992]. 

Kax mojkho BHAeTb, HanpnMep, Ha pnc. 12, nojra „...HaMenaeMbie Pb-H30Ton- 
HbiMH AaHHbIMH rjisi py a, nonaAaiOT oSbihho BHyTpb A*iana 30 H 0 B rjisi Pb-H30TonHbix 
AaHHbix RJM pyAOHOCHbix HHTpy3HH” H, CJieAOBaTeJIbHO, „pyABI H HHTpy3HH 5IBJI5I- 
iotch nacTiiMH o6meH MarMaTHuecxon CHCTeMbi”. fljra HHTpy3HH Hopnjibcxoro h 
TajiHaxcxoro panoHOB cpeAHne OTHomeHHH 206 Pb/ 204 Pb = 18,00 h 18,12, cootbctct- 
BeHHo. 3to OTBenaeT cpeAHHM Pb-H30TonHbiM othoihchhsim cocTaBOB pyA b HHTpy- 
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Phc. 12. flnarpaMMbi pa3AHHHbix 
Pb-H30T0nHbIX OTHOIIieHHH (a, 6, 6) B 

cyjib^H^Hbix pyAax (nojrax) h nO- 

pOAaX HOpHJIbCKHX py^OHOCHblX 

HHTpy3HH [Wooden et al., 1992]. 

^jih nopcw 1 — HopMjibCK-I, 2 — Tajmax, 
3 — cpe/jHHe £JIH HMX. 


15 44 |__[ 3 H 5 ix HopnjibCK-I h Tajmax, yxa 3 bi- 

Ban Ha BbiAepAcaHHOCTb reorpacjmnec- 

38 3 Q / J—1 4 1 1 q 2 Ga/r KHX OCoSeHHOCTeH B 3THX OTHOHie- 

" hhhx, npnneM (J)HKCHpyiOTC5i Bapna- 
38.i- * 2 D - h,hh b pyAax MeHbiHHe, neM b HHTpy- 

g • 3 ^ 3H5IX. ABTOpbl U,HTHpyeMOH paSoTbl 

s 379 - " [Wooden et a l-> 1992, c. 1164] 

g ’ npHUIJIH K BblBO^y* 1) AOMHHHpyiO- 

O 37 7 ^ ^ HJHH Pb — H3 MaHTHHHbIX HCTOH- 

□ * ' hhkob (BnponeM, xax h THAceAaa ce- 

37 5 °'%f A 6 Pa B pyAax — 3a cneT MaHTHHHOH 

17,7 17,8'17,g'18.0 18,r 18.2'18.3 - reTeporeHHocTH); 2) MarMbi pyAO- 

206p b /204p b HOCHbIX HHTpy3HH MOryT 6bITb He 

■ i ■ i ■ i ■ .. npeACTaBjieHbi b 6a3a;ibTax cobccm; 

15,64- o.o Ga- 3) „reojiorHnecKHe, reoxHMHnecKHe 

04 h H30TonHbie CBH3H MeACAy (J)AyA 6 a- 

15,6 °" i" 3 a;ibTaMH, py aohochbimh HHTpy- 

S. ^ 3HHMH H py^aMH — BCe, Ka^CeTCH, 

. Hanbojiee coBMecTHMbi c cahhoh chc- 
S. 15,52" - TeMOH, npOHCUieAineH H3 MaHTHHHO- 

° A D $g£f r0 njnOMa ”* 

15,48- D ^ J CzjejiaeM neicomopbie KOMMen- 

-, C44 " i i i j _ i i | i i > | _ 1 mapuu k H3Jio^ceHHOMy Bbirne Ma- 

37,4 37,6 37,8 38,0 38,2 38,4 38,6 Tepnajiy no H30T0nHH pyA H 6 a 3 HTOB. 

208 Pb /204 Pb 5I C HO, HTO nOA'beM CyjIb(J)HAHOH ACHA" 

KOCTH RJ1SI TeA CnjIOIHHblX CyAb({)HAOB 

ocTaeTCH npobAeMOH h c yneTOM HOBoro AHTepaTypHoro MaTepnaAa no H30Tomm Pb 

h S. OTMeneHHbie aBTopaMH „reorpac{)HHecKHe” otahhhh b CBHHu,0B0-H30T0nHbix 

OTHOUieHHHX B pyAaX H pyAOHOCHbIX HHTpy 3 H 5 IX Me AC Ay HopHAbCKHM H TajIHaXCKHM 


17,7 17,8 17,9 18,0 18,1 18,2 18,3 

206 Pb /204 Pb 


15,44 ' il l - J ■ r ,-1—, 

37,4 37,6 37,8 38,0 38,2 

208p b /204p b 


38,4 38,6 


paHOHaMH, bo3moacho, OTpaAcaiOT ynoMHHyTbie Bbirne CMecn MarM c pa3JiHHHbiMH 
cooTHomeHHHMH H30TonoB CBHHii,a. OAHaxo, ynHTbiBan reoAornnecKHe h nponne 
AaHHbie o 6oAee no3AneM c{)opMHpoBaHHH pyA no cpaBHeHHio c nopoAaMH pyAOHoc- 
hwx HHTpy 3 HBOB [3oAOTyxHH, 1964] h npaxTHnecKH noAHoe coBnaAenne „reo- 
rpacJmnecKHx ocobeHHOCTeH” Pb-H30TonHbix cocTaBOB b pyAax h caMHx HHTpy- 
3HBax, moacho CAOAaTb BbiBOA o (JiopMHpoBaHHH pyA h, b nepByio OnepeAB CnAOIH- 
hmx, na Mecme ux 3ajieeahun. 3to bbiboa — aAbTepHaTHBHbm TOMy, KOTopbiH 
casabah aBTopw BbimeHa3BaHHOH paboTbi Ha Tex Ace H30TonHbix AaHHbix. TorAa b 
pyAax TOAbKO HaCAeAyiOTCH OCoSeHHOCTH Pb-H30TOnHOrO COCTaBa, B03HHKIHHe H 
3aicpenAeHHbie b MarMaTHnecKHx nopoAax noAHOAnc{xt)epeHii,HpoBaHHbix HHTpy- 


3HBOB, KOTOpbie HBAHAHCb HCTOHHHKOM BCeX nOAe3HbIX KOMnOHCHTOB, 3aHMCTBOBaH- 

Hbix pyAaMH b npou,ecce hx o6pa30BaHHH. BbmBAeHHoe MeHbinee BapbnpoBaHHe 
Pb-H30TonHoro COCTaBa b pyAax, neM b accou,HHpoBaHHbix HHTpy3HBHbix nopoAax, 
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Phc. 13. Koppe;iHii,HH cpeAHHx 3HaueHHH c5 34 S h co- 
Aep^caHHH cepbi b ra66po-AOAepHTOBbix HHTpy3HHx 
[r pHHeHKo, 1985]. 

MHTpy3HH: 1 — HopMjibCKO-TajiHaxcKoro THna, 2 — HM>KHeTaji- 
HaxcKoro THna, 3 — KypeiiCKoro THna, 4 — MopoHroBCxoro Tnna, 

5 — 6e3py;jHbie. 

yKa3biBaeT, oneBHAHO, Ha ynacrae b nponcxoACAeHHH 

py A TaKHX MOIIJHblX jioKa;iH 3 yiomHx ({laxTopoB, xax 
BbicoKOTeMnepaTypHbie MeTacoMaTHuecxHe pacTBo- 
pbi. 3to xacaeTCH xax boAbinen oahopoahocth coot- 
HOHieHHH H 30 T 0 n 0 B CBHHIja, Tax H H 30 T 0 II 0 B Cepbi. 

CooTHomeHHe u3omono6 cepbi OAHopoAnoe h CBoe 
Aah xa^cAoro pyAOHOCHoro HHTpy3HBa CBHAeTeAbCT- 
ByeT, OHeBHAHo, 06 ynacTHH Tex ace npou,eccoB, uto 
H AA5I H30T0n0B Pb C BepOHTHbIM CeAeXTHBHbIM 
3aHMCTBOBaHHeM b ra30Byio c{)a3y xopoboh cepbi c 
nocjieAyiomeH ee roMoreHH3an,HeH nepeA h b 

npou,ecce pyAOo6pa30BaHH5i b xaMepax HHTpy3HH. %o 

Kax 6buio paHee noxa3aHo JI. H. TpHHeHxo [1985 ] 
b cepHH ny6jraxaij,HH no H30Tonnn cepbi, b pyAax H3 

HopnAbcxnx MecTopo^cAennH HMeeTca BecbMa 3HannTeAbHbiH npou,eHT HeiOBe- 
HHAbHOH cepbi (30—50 %), 5IBHO 3aHMCTBOBaHHOH MarMOH H3 OCaAOHHbIX ({laHepO- 
30HCXHX toaiij, coAepacamHx u,eAbie npocjion aHrnApnTa. Ilpn otom BbracHHAOCb 
[rpnHeHxo, 1985], hto b 6e3pyAHbix n HHxeAeHocHbix HenpoMbiniAeHHbix HHTpy- 
3H5IX XOHTaMHHan,HH XOpOBOH CepOH, B OCHOBHOM, 6bIAa Ha MeCTe HX 3ajieraHH5I. 
rioBbimeHHe coAepAcaHHH cepbi b npou,ecce cyAb({)ypH3aii,HH MarMbi ao 0,2 — 0,3 % 

B CyjIb(J)HAOHOCHbIX HHTpy3H5IX He A^AO npOMbllHAeHHblX XOHU,eHTpaiI,HH CyAb(J)HAOB 
(pHC. 13). HtO XaCaeTCH npOMblUIJieHHO-pyAOHOCHblX HHTpy3HH, TO npHBHOC B HHX 
cepbi b 5 — 10 pa3 npeBbimaji TaxoBOH b HHxejieHOCHbix HenpoMbiniAeHHbix h 
6e3pyAHbix HHTpy3HHx h cyjib(t)ypH3aii,H5i npoHexoAHAa eme ao 3aH5iTH5i coBpeMeH- 
hoh xaMepbi. Ba^cHo, hto 3Ta cepa 3aMeTH0 OTAHnaeTca ot cepbi rnncoB h 
aHTHAPHTOB H3 OTAOAteHHH naAe0305I MeHbHIHM COAOpACaHHCM T5DKejIOrO H30TOna H 
paCneT XOHTaMHHHpOBaHHOH cepbi AAH HHTpy3HH HopHAbCX“I H TajmaXCXHX JXciJI 
COOTBeTCTBeHHO BeAHUHHbl +10,7 H +12 % 0 . K oSMCHeHmO reHe3HCa CyAb({)HAOB 
3Aecb npHBAexaACH [rpnHeHxo, 1985] h npon,ecc cyAb({)ypH3aii,HH MarMbi 3a cneT 
B3aHMOAOHCTBHH ee C CepOBOAOpOAHbIMH CTpyflMH, XaX XOMnOHeHTOM 6AH3AeACaiAHX 
cxonjieHHH h 3aAe^ceH yr acboaopoaob . OrciOAa hcho, hto roMoreHH3an,H5i MaH- 
THHHOH H XOPOBOH Cepbi BO ({)AK)HAaX, npHUeM B pa3HbIX nponopiI,HHX AAH pyAHbIX 
HHTpy3HBOB H MeCTOpOACAeHHH B TOM HopHAbCXOM paHOHe (CM. pHC. 13), 
npeACTaBAneT co6oh Hanbojiee BeposiTHbiH MexaHH3M nonaAaHHH xopoboh cepbi b 
pyAbi. B to ace BpeMH oto AOxa3biBaeT caM cfiaxT ynacran npoijecca cyAb({)ypH3aii,HH 
B B03HHXHOBeHHH pyA B npOMbllHAeHHblX MeCTOpOaCAeHHHX HOpHJIbCXOrO THna. 

Ha ocHOBaHHH Bcex HMeiomHxca AaHHbix, b tom HHCAe H30TonHbix, bpha ah 
moacho OTpHii,aTb rAybHHHyio reHeTHnecxyio cbh3b HHTpy3 hbob , b tom nncAe 
pyAOHocHbix, h rAaBHOH Maccbi no3AHHx (})AyA6a3aAbTOBbix pacnAaBOB [CoboAeB, 
1936; 3oAOTyxHH, JIaryTa, 1985; Zolotukhin, Almukhamedov, 1988], hto h noAT- 
BepACAaeT Bbicxa3aHHbie paHee npeACTaBAeHHH o npHHaAAeacHocTH x cahhoh CHCTe- 
Me pyA, pyAOHocHbix HHTpy3HH h (J)AyAba3aAbTOB, reHepnpyeMbix, b obnjeM, 
oneBHAHo H3 MaHTHHHoro nAiOMa [Sharma et al., 1992; Wooden et al., 1992]. 
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4. nJIATHHOHAbl B HOPHJIbCKHX PYAAX 
KAK HHAHKATOPbl HX TEHE3HCA 

Kax 6buio noKa3aHO Bbirne Ha pa^e /jnarpaMM (({mr. 23, 25, 27, 29, 31) /jjra 
6jiaropoAHOMeTa;uibHbix ojicmchtob, BnponeM Kax h rjisl ztpyrnx no;ie3Hbix xoMno- 
HeHTOB b HopnjibCKHx py^ax (/jHarpaMMbi nocTpoeHbi no zjaHHbiM [Distler, Kunilov, 
1994 ]) , ohh HMeiOT MHorne oco6eHHocTH, He HaxoA^mne y6eAHTe;ibHbix ofiMCHeHHH 
npn AonymeHHH hx nepBHHHo-MarMaTHnecxoro („jiHXBan,HOHHoro”) reHe3nca. 
OcTaHOBHMCH 6o;iee no;jpo6Ho Ha reHeTHnecxoM acnexTe no HMeiomHMca Ma- 
TepnajiaM 3Iir —Cu—Ni cyjib(J)HAHbix pyzt HopnjibCKoro Tnna. 

BbicoKOTeMnepaTypHafl H30Mopc})Ha5i c{)opMa npnMecn njiaTHHOH^OB cymecTBy- 
eT b cyjib(J)HAHbix TBep^bix pacTBopax [flncTjiep, 1980 ], b to BpeM5i xax OTHocHTejib- 
ho HH3KOTeMnepaTypHa5i c{)opMa npo5iBjieHH5i njiaTHHbi n najuia^HH — b BH/je 
MHHepajibHbix (J)a3. By^ynn npnyponeHHOH k (J)jHOHAOHacbiiii;eHHbiM ynacTxaM nopo/j 
[OpjiOBa n Ap., 1987; Distler, 1992, 1994] OHa nposiBjraeTCii b 3axjnonHTejibHyio 
CTaAHIO pyAOOTJIO^CeHH5I, COnOCTaBHMyiO C THApOTepMajIbHOH [r eHKHH, 1968]. B 
OTHomeHHH reHe3Hca BbicoKOTeMnepaTypHbix c{)opM — b cyjib^HAHbix TBepzjbix 
pacTBopax HMeeTca ^Be bo3mo>khocth. KpHCTajuiH3au,H5i MoaceT hath jih6o H3 
roMoreHHoro cyjib({)HAHoro pacnjiaBa [flncTjiep n AP-, 1977; Naldrett, 1984; Be3MeH 
n a p., 1991; Naldrett et al., 1992; n a p. ], jih6o b npou,ecce cyjib(J)ypH3au,HH 
MaTepuHCKon nopoztbi HHTpy3HBa npn B3anMozteHCTBnn ee c nocTeneHHO ocTbiBa- 
khahmh BbicoKOTeMnepaTypHbiMH MeTacoMaTH3npyion]iHMH pacTBopaMH, xax nojia- 
raeT aBTop [3ojiOTyxnH, 1988, 1991]. B npou,ecce HH3X0TeMnepaTypH0H cyjib- 
c{)ypH3au,HH njiaTHHa n najuia^nn xpHCTajijiH3yiOTC5i H3 c{)jik)haob, AaBaa caMOCTO- 
HTejibHbie MHHepajibHbie c{)a3bi, xorAa AOCTHraeTCii npe^eji nx pacTBopnMOCTH b 
cyjib(J)HAax, coBMecTHO c xajibKonnpnTOM n ApyrHMH no3AHHMH cyjib({)HAHbiMH 
c{)a3aMH. B cjiynae npou,ecca cyjib(})ypH3au,HH KOHu,eHTpau,H5i njiaTHHOHAOB Ha 
e^HHHu,y cyjib(J)HAHOH Maccbi no Mepe B03pacTaHH5i nocjieAHen AOJiacHa yMeHbinaTb- 
C5i ot BxpanjieHHbix k npoacnjiKOBo-BKpanjieHHbiM h Aajiee k MaccnBHbiM cyjib- 
(J)n^HbiM py^aM, hto h Ha6jnoAaeTC5i b ^encTBHTejibHocTH (cm. Ta6;i. 9). Ilpn 
jiHKBau,HOHHOM ace MexaHH3Me o6pa30BaHHH cyjib(J)H3HOH 3ajieacn xaacAaa cyjib- 
(J)n^HaH xanjisi bhocht, ohcbhaho, cboh paBHbiH BXjiaA no OTHomeHmo k ApyrHM 
xanjraM h nooTOMy He /jojdkho 6biTb 3HannTe;ibHOH pa3HHii,bi MeacAy KOHu,eHTpau,neH 
njiaTHHOHAOB b caMOH 3a;ieacH n b o6pa30BaBnmx ee xanjrax, a Taxace xanjrax, eme 
paccesiHHbix HaA 3ajieacbio. 3to oahh h3 caMbix cepbe3Hbix apryMeHTOB ne q nojib3y 
jiHKBau,noHHOH rnnoTe3bi, nojiyneHHbm b npou,ecce H3yneHH5i njiaTHHOHAOB. Max- 
CHMa;ibHa5i ace xoHu,eHTpau,H5i njiaTHHOHAOB ycTaHOBjieHa b Majiocyjib(J)HAHbix xpo- 
MHTCOAep^can^nx BepxHHx TaxcHTOBbix r-A [PaSobhap*, 1982; P5160B, 1992; Distler, 
1992]. IIoOTOMy CJie^yCT XOT5I 6bl XpaTXO OCTaHOBHTbCfl Ha B3aHMOOTHOIHeHH5IX 
njiaTHHOHAOB H XpOMa. 

B ycjiOBH^x Bbicoxnx TeMnepaTyp c hh3xhmh 3HaneHH5iMH rjisl p0 2 6a3HTOB Ha 
CTaztHH pacnjiaBa h hx paHHen nocTMarMaTHnecxon CTaAHH Han6ojiee peajibHbiM 
MexaHH3MOM H3BjieneHH5i njiaTHHOH^OB xax H3 pacnjiaBa, Tax h H3 eme pacxajieH- 
HblX OTBepAeBHIHX nopOA 5IBJI5ieTC5I B3aHMOAeHCTBHe HX C BbICOXOTeMnepaTypHbIMH 
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MarMaToreHHbiMH (JiAiOHAaMH, coAepjxamHMH xjiop dance 6 neOojibiuux KOJiunecm- 
eax. Cbo6oahmh xjiop no5iBji5ieTC5i bo (JiAiOHAax b npou,ecce TepMHnecxoH ahc- 
COU,HaiI,HH XJIOpHCTOrO BOAOpO^a H Kax CHAbHMH OKHCJIHTejIb nepeBOOTT njiaTHHOH^bl 
H3 HeHTpajIbHOH (})OpMbI B XAOpHAHyiO HAH XAOpCOAepJKaiAHX KOMnjieKCOB. Ohh 
3bji5iiotc5i jieTy^HMH coe^HHeHMiiMH h MoryT HrpaTb Ba^cHyio pojib b npou,ecce 
3KCTpaKii,HH h TpaHcnopTa njiaTHHOH^OB, xax, BnponeM, h Apyrnx py^Hbix sjieMeH- 
tob, HaxoAflnjHxcsi b oahom napareHe3Hce. Bwhoc 3thx 3jieMeHT0B H3 ropsnmx 30 H 
b 6o;iee xojiOAHbie b AaAbHeHineM iiphboaht x pa3pymeHHio coeAHHeHHH-nepe- 
HOCHHXOB H X OCa/KACHHK) pyAHbIX XOMIIOHeHTOB. B TO JXe BpeM5I XJIOP npH 3T0M 

(xax h cjiTop) Mo^ceT bohth b cocTaB anaTHTa h Apyrnx conyTCTByiomHx opyAe- 
HeHHio MHHepajiOB (HanpHMep, SnoTHTa), hto h Ha6;iiOAaeTca AencTBHTeAbHo b 
M ecTopo^cAeHHHx HopHjibcxoro rana [KpHBeHxo, Toactmx, 1989]. 

XjiopHAHbie xoMnjiexcHbie coeAHHeHH5i aa5i njiaTHHOHAOB (Ha npHMepe Pt h Pd) 
5ibji5iiotc5i HaH6ojiee ycTOHHHBbiMH cpeAn rpynnbi HHTepecyiomHx Hac py^Hbix 
3jieMeHT0B [5 Iij,hmhpcxhh, BacHjibeB, 1959]. 3 to no3BOA5ieT njiaTHHOHAaM ot- 

AejIHTbC^, B TOH HJIH HHOH Mepe, OT APyrHX nOJie3HbIX XOMIIOHeHTOB pyA (Ni, Co, 
Cu) b npou,ecce oxAajxAeHHn pacTBopoB h BMAeAeHHn pyAHbix (Jia3 [3oAOTyxHH, 
1991], npnneM HaH6oAbniHH OTpbIB y njiaTHHOHAOB HMeeTC5I C XpOMOM, XOTOpblH 
HaHHHaeT XpHCTaAAH30BaTbC5I nepBbIM B BHAe XpOMHTa. OTClOAa — TpH B03M0^C- 
hocth, pea;iH3yeMbie b cooTBeTCTByiomHx ranax njiaTHHOHAHbix pyA: 

1. rioCAeAOBaTeAbHOe (JlOpMHpOBaHHe XpOMHT-CyAb(f)HAHO-nAaTHHOHAHbIX pyA, 
xax b nnxpHTOBbix r-A, xorAa nyTH abhacchha pyAOHOCHbix pacTBopoB ocTaiOTCH 
CTa6HAbHbIMH. 

2. OopMHpoBaHHe cyjibcjiHAHO-njiaTHHOHAHbix pyA, xax b TaxcHTOBbix r-A, 
xorAa nyTH pacTBopoB pa3o6maiOTC5i yjxe nocAe BMAeAeHHn 6oAbineH nacTH xpo- 
MHTa. 

3. OopMHpoBaHHe MaAOCyAb(J)HAHbIX HAH 6eCCyAb(J)HAHbIX nAaTHHOHAHbIX pyA, 
xorAa nyTH pacTBopoB H3MeH5iiOTC5i yjxe nocAe o6pa30BaHH5i rAaBHOH Maccbi cyAb- 

(J) HAOB. 

IIpHMepoM Bcex Tpex THnoB pyA 5 iba5iiotc5i HopHAbcxne, a npn HexBaTxe cepbi 
B HHX MOryT n05IBHTbC5I H MaAOCyAb(f)HAHbie XpOMHT-nAaTHHOHAHbie pyAbl, Kax B 
nacTH BepxHHx TaxcHTOBbix r-A. 

BepXHHe TaXCHTbl 3AeCb 5IBA5IIOTC5I HHOTAa yHHXaAbHO nAaTHHOHOCHbIMH B 
pe3yAbTaTe xoHijeHTpHpoBaHHoro npoxoJXAeHHn CTpyn ({iaiohaob. Ohh MoryT 6biTb 
XpOMHTOHOCHbIMH 3a CHeT HHTeHCHBHOrO BbIHOCa XpOMa H3 „BepXHHX nHXpHTOB” B 
BbimeAeAcamne „BepxHHe TaxcHTbi”, o6pa3ya b hhx 3aMeTHbie cxonAeHHH xpoMHTa 
(cm. pnc. 4, 5). Ha pnc. 5 BocnpoH3BOAHTC5i cxeMa CTpoeHHH pyAOHOCHbix AHtJxtie- 
peHii,HpoBaHHbix HHTpy 3 HBOB TaAHaxcxoro pyAHoro y3Aa h pacnoAOJxeHHa b HeM 
pa3AHHHbix THnoB pyA [Distler, 1994], OAnaxo mm AaeM en co6cTBeHHyio reHeTHne- 
cxyio HHTepnpeTau,Hio. To, hto B.B. flncTAepoM BocnpHHHMaeTCsi xax „hhjkh5I5i h 
B epxHH5i cepHH paccAoeHHbix ra66po”, mm cnHTaeM cooTBeTCTBeHHo BepxHHM h 

HH/KHHM T0pH30HTaMH OCHOBHbIX nerMaTOHAOB CO CAOJKHbIM CTpoeHHeM, MeacAy 
xoTopMMH oxa3MBaeTCH „3ajxaTOH” TAaBHaa paccAoeHHan cep hh pyAOHOCHoro 
HHTpy3HBa (cm. pnc. 10) b npou,ecce c{)opMHpoBaHH5i 3 thx 6oAee no3AHHx nerMa¬ 
TOHAOB. Moacho BHACTb (cm. pnc. 5), hto ejiaenasi paccjioennasi cepun b cocTaBe 
nnxpHTOBOrO (5), OAHBHHOBOrO H OAHBHH-6HOTHTOBOrO (6), 6e30AHBHH0B0r0 H 
OAHBHHCOAepjxamero (7) toph30htob, a Taxjxe ahophtob h ra66po-AHopHTOB (8), 
HHorAa npeACTaBAHiomHx rH6pHAHbie nopoAw b pa3pe3e HHTpy3HBa, CHH3y h CBepxy 
OT XOHTaXTOBbIX nopOA HHTpy3HBa (3 H 10) OTAeA^eTC^ COOTBeTCTBeHHO HHJKHHMH 
(4) h BepxHHMH (9) TaxcHTOBMMH oahbhhobmmh ra66po-AOAepHTaMH. BepxHHe 


39 



TaKCHTbl HHOITja HBJIHIOTCH HHTeHCHBHO XpOMHTOHOCHbIMH H BblUie UO pa3pe3y 
nepexoAHT b jieHKOKpaTOBbie TaxcHTOBbie aHopTHTOBbie ra66po c pacceaHHbiMH 
xpoMinnKHejiH^aMH. Hh3m nHKpHTOBoro ropH30HTa b Henocpe^CTBeHHOH 6 jih30Cth 
OT KpOBJIH HH2KHHX TaKCHTOBbIX T"A KOe-r^e JIOKajIbHO npe^CTaBJIHIOT co6oh yace 
njiarnoxpoMHTHTbi, 6yAyuH HacbimeHHbiMH CKonjieHHHMH xpoMHTa. nopoAbi 
6jra;KHero 3K30K0HTaKTa (1 h 12 ) HHTpy3HBa MoryT 6biTb npe^CTaBjieHbi ByjixaHO- 
reHHbiMH BBepxy h MeTaMopcJ)H30BaHHbiMH oca^OHHbiMH nopo^aMH (Bbirne h HHJKe 
HHTpy3HBa), b KOTopwx pacnojiaraiOTca Tejia nojiocuaTO-BKpanjieHHbix h Mac- 
CHBHbix cyjib({)HAHbix pyA (2 h 11 ). 

Ha cxeMe CTpoeHHH pyAOHOCHoro HHTpy3HBa h pacnpeAejieHHH no;ie3Hbix 
KOMnoHeHTOB (cm. puc. 5 ) b HeM HemKo GbisiGJisiemcsi cjieAyiomee: 1 ) npHypoueH- 
HOCTb OpyAeHeHHH (b TOM HHCJie MaCCHBHOTO B 3K30K0HTaKTaX HHTpy3HBa) K 
BepxHeMy h HHJKHeMy nerMaTOHAHbiM ropH30HTaM; 2) OTcyTCTBHe opyAeHeHHH b 
6ojibineH uacra nopoA paccjioeHHOH cepnn ( 3 a HCKjnoueHHeM nHKpHTOBoro ropH30H- 
Ta) ; 3) npHypoHeHHocTb rn6pHAHbix ra66po-AHopHTOB h ahophtob k BepxHen uacra 
paccjioeHHOH cepnn; 4) CKonjieHHsi xpomhtob thtotciot k xpoBjie hhjkhhx h 
noAoniBe BepxHHx nerMaTOHAOB; 5 ) Ha rpac{)HKax (cm. pnc. 5 ), cy ah no 3auiTpHxo- 
BaHHbiM A*iana30HaM KaacAoro H3 napaMeTpoB (Cu/Ni, Pt/Pd, PGE (3nr)/S, 
(Pt + Pd + Rh)/(Ir + Ru + Os)), HMeeTesi 3aMeTHasi Koppe;iHii,HH Bcero opyAeHeHHH 
no OTHomeHHHM Pt/Pd n Cu/Ni. PyAbi 3K30K0HTaKTa (MaccnBHbie n npoacnjiKOBo- 
BKpanjieHHbie), b oSnjeM, 6jih3kh no Anana30Hy OTHoineHHH (Pt + Pd + Rh): 
:(Ir + Ru + Os) n 23nr/S, 3aMeTHO OTjrauaHCb no 3thm napaMeTpaM ot pyA 
paccjioeHHOH cepnn h nerMaTOHAOB. MaccnBHbie py abi HHJKHero 3K30K0HTaKTa 
HMeiOT ropa3AO 6ojibinHH /jHana30H 3HaueHHH no BceM ueTbipeM napaMeTpaM, ueM 
ocTajibHbie Tnnbi pyA, noxasaHHbie Ha AnarpaMMe. OTHoineHne 23nr/S pyA 
MajiocyjibtJiHAHoro ropn30HTa BepxHHx nerMaTOHAOB pe3KO B03pacTaeT no cpaB- 
HeHHio c jjpyrHMH TnnaMH pyA, npeACTaBjraa oueBHjjHbm aHajior phcJiob MepeHCKoro 
h J-M. 

Bojiee ^eTajibHO CTpoeHHe 30Hbi BepxHHx nerMaTOHAOB pyAOHOCHbix HHTpy3HH 
c npoHBjieHneM b Hen BepxHHx TaKCHTOBbIX, nHKpHTOBbix nopoA h TaxcnTOBbix 
jieHKora66poHAOB no jjamibiM 6ypoBbix kojiohok psiAa CKBaatHH [CjiyjKeHHKHH h ap*, 
1994] npHBojjHTcn Ha pnc. 14. 3Aecb mojkho BH^eTb TaKAce rpacJmxH 3BOjnon,HH 

COJjepJKaHHH U,BeTHbIX MeTajIJIOB H njiaTHHOHAOB BJJOJIb 3THX KOJIOHOK BHyTpH 
paccMaTpHBaeMoro Majiocyjibc{)HAHoro BepxHero nerMaTOHAHoro ropH30HTa no pe- 
3yjibTaTaM onpo6oBaHH5i b TajiHaxcxoM (pnc. 14, a) h Hophjibckom (cm. pnc. 14,6) 
HHTpy3HBax. 06HapyjKHBaeTCH p ha conpnxeHHbix McucciiMy mog KOHu,eHTpau,HH 
(Cu + Ni) h njiaTHHOHjjoB, KOTopwe npnypoueHbi o6biKHOBeHHO k KOHTaxTaM 
(HHOr/^a C HeKOTOpbIM CABHrOM) BepXHHX TaKCHTOBbIX, nHKpHTOBbIX h jieHxora6- 

fipoH^OB, yKa3biBan hbho Ha e^HHCTBo npou,ecca opy^eHeHnn 3#ecb ^jih Me ah, 
HHxejiH h njiaTHHOHAOB. TaxHM o6pa30M, pa3o6paBinHCb b reHe3Hce njiaTHHOHAOB, 
mm nojiyuHM OTBeT h Ha npo6jieMy reHe3nca caMHx BMemaiomHx hx cyjib(J)HAHbix 
Cu-Ni pyA HopHAbCKoro rana. 

HHJKHHe TaKCHTbl 5IBJI5HOTC5I 6eCXpOMHTOBbIMH, nOCKOAbKy H3 HHX XpOM 
BbIHOCHTCH B T0pH30HT BbinieAe^CaiAHX „HH2KHHX nHKpHTOB” (CM. pHC. 5; 14), 

ofioraman ero cxonAeHHHMH btophuhoto xpoMHTa. Hn^KHne ^ce TaKCHTbl, HMen 
3HaUHTeAbHO 6oJIbUIHe ofi-beMbl no CpaBHeHHK) C BepXHHMH TaKCHTaMH, o6Ha- 
pyjKHBaiOT HeCKOAbKO MeHbUIHe KOHU,eHTpan,HH nAaTHHOHAOB, OneBHAHO, 3a CneT 
MeHee KOHii,eHTpHpoBaHHoro npoxoACAeHHH njiaTHHOHOCHbix pacTBopoB Ha eAHHHii,y 
ofi-beMa, a H3 Bcero accopTHMeHTa nAaTHHOHAHbix pyA pe3KO npeo6AaAaiOT AHinb 
CyAbtJlHAHO-nAaTHHOHAHbie. BejIHHHHa paCTBOpHMOCTH nAaTHHbl COnOCTaBHMa c 
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Phc. 14. CTpoeHHe BepxHHx ropH30HTOB TaxcHTOBbix ra66poHAOB TajiHaxcKoro (a) 
H HopHJIbCKOrO (6) HHTpy3HBOB UO 6 6ypOBbIM CKBa^CHHaM H BapHaiI,HOHHbie 
AHarpaMMbi coAepacaHHH b hhx u,BeTHbix MeTajuiOB (I](Cu + Ni)), h njiaTHHOH^OB 
[CjiyaceHHKHH h 3p., 1994]: 

1 — jiaBo6peKHMsi; 2 — TaKCHTOBbie jiewKora66poM^bi; 3 —7 — ra66po-,zjojiepHTbi: 3 — 6e30JiHBHH0Bbie, 
4 — ojiHBHHOBbie, 5 — nHKpHTOBbie, 6 — TaKCHTOBbie, 7 — KOHTaKTOBbie; 8 — ra66po-AHopHTbi; 9 — 
KOHijeHTpaijHsi cyMMbi (Cu h Ni); JO — KOHijeHTpaijHsi ruiaTHHOH^OB. 


OU,eHKaMH COAep^aHHH B Ha^KpHTHHeCKHX mejIOMHO-XJIOpHAHbIX (J)JHOH/jaX P51^a 

Apyrnx MeTajuiOB [OpjioBa h a p., 1987], HanpHMep, Me^H (b ycjioBH^x: 600— 
750 °C, 2,5 x6ap (pO^ _M , 1 h. pacTBop (K, Na, Cl)). Kax h b /jpyrnx Btmax pya, 
TBep^bie pacTBopw iuiaTHHOH^oB b cyjib({)HAax o6pa3yiOTC5i b BbicoxocepHHCTbix 
napareHe3Hcax [flncTjiep h ^p., 1977]. 
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YHHKaJIbHO XpOMHTOHOCHbIMH H njiaTHHOHOCHbIMH, KaK yJKe rOBOpHJIOCb BblUie, 
MoryT iiBji^Tbca Majiocyjibc})HAHbie ropH30HTbi BepxHHx nerMaTOH^OB, coAepjxaHHe 
Cr 2 0 3 b KOTopwx AOcraraeT 10 Mac.% h 6o;iee (cm. Ta6ji. 6), a HacbimeHHe nopoA 
xpomhtom MoaceT 6biTb oneHb HepaBHOMepHbiM. ripn 3 tom pa3JiHnaiOT [Cjiy- 
^ceHHKHH h AP-, 1994]: 1) pacceaHHbie xpomhtbi H3 6oraTbix ojihbhhom Taxcn- 
TH3HpoBaHHbix nopoA (BepxHHe nnxpHTbi); 2) xpoMiiinHHejiHAbi H3 cerperau,HH B 
TaxcHTOBbix t-a; 3) pacce^HHbie xpoMCOAepacamne oxchabi b ra66po Majiocyjib- 

(})HAHbIX T0PH30HT0B. MHTepeCHO 6 bIJIO COnOCTaBHTb COCTaBbI XpOMinnHHeJIHAOB 3THX 
Tpex rpynn. fljra 3Toro HaMH nocTpoeHbi cneu,HajibHbie nayxoBbie AnarpaMMbi c 
HCn0JIb30BaHHeM Ony 6 jIHKOBaHHbIX COOTBeTCTByiOmHX aHaJIHTHHeCKHX AaHHbIX 
[Cjiy/KeHHKHH h AP-, 1994, Ta 6 ji. 2]. fljra nepeou epynnbi xpoMHintmejiHAOB Ha 
6 -oceBOH nayxoBOH AnarpaMMe (cjmr. 32) npeACTaBjieHO 6 o6pa3u,OB c Anana30HaMH 
b hx cocTaBe cooTBeTCTBeHHo (Mac.%): Cr 2 0 3 — 43—30, Fe 2 0 3 — 2—26, FeO — 
22 — 42, Ti0 2 — 3 — 13, A1 2 0 3 — 20 — 4, MgO — 10 — 2. M3 emopou epynnbi 
xpoMHinHHejiHAOB Ha 8 -oceBOH nayxoBOH AnarpaMMe conocraBjieHbi (cjmr. 33) 
6 o 6 pa 3 u,OB c Anana30HaMH b hx cocTaBe cootbctctbchho: Cr 2 0 3 — 39—13, Fe 2 0 3 — 
11—41, FeO — 23—38, Ti0 2 — 3—9, A1 2 0 3 — 13—3, MgO — 8—1, NiO — 
0,35 — 0,20, MnO — 0,10 — 0,65. mpembeu epynnbi xpoMHimmejiHAOB Ha 
8 -oceBOH nayxoBOH AnarpaMMe (c})Hr. 34) conocTaBjieHO 5 o 6 pa 3 u,OB c Anana30HaMH 
b hx cocTaBe cooTBeTCTBeHHo: Cr 2 0 3 — 6 —12, Fe 2 0 3 — 19—40, FeO — 26—40, 
Ti0 2 — 1—9, A1 2 0 3 — 12—3, MgO — 7—1, NiO — 0,36—0,12, MnO — 
0,47 — 0,54. TeHAemjHfl k npaMOH 3 aBHCHMOCTH b cocTaBe xpoMHinHHejiHAOB Cr 2 0 3 
Ha 6 jnoAaeTC 5 i y A1 2 0 3 , MgO h k o 6 paTHOH y Fe 2 0 3 , Ti0 2 , MnO, FeO. Orporafl 
xoppeji 5 iu,H 5 i 3 Aecb MeatAy coAepjxaHHeM Cr 2 0 3 h ApyrHMH OKCHAaMH b cjiojkhom 
COCTaBe 3THX XpoMHinHHejiHAOB OTCyTCTByeT, HTO o6b5ICH5ieTC5I, OneBHAHO, OT- 
CyTCTBHeM rOMOreHHOCTH CpeAbI, B XOTOpOH npOHCXOAHJia XpHCTaJIJIH3aiJ,H5I XpOM- 
mnHHejiHAOB BepxHHx nerMaTOHAOB. 3to c 6 ojibineH BepoHTHOCTbio CBHACTejibCTBy- 
eT, hto npou,ecc, npn kotopom ohh B03HHKajiH, 6 bm BbicoKOTeMnepaTypHbiM MeTaco- 
MaT030M c npHBHOcoM xpoMa, jxejie3a, a Taxjxe, Bepo^THO, njiaTHHOHAOB h cepbi. 

06Hapy^ceHHbie xoHu,eHTpau,HH njiaTHHOHAOB 6bijio HHTepecHo conocTaBHTb c 
XOHU,eHTpaiI,H5IMH XpOMa H cepbi B pyAOHOCHbIX AH({)(t)epeHII,HaTaX HHTpy3HBOB 
Hopnjibcxoro THna h ou,eHHTb 3bojhou,hio cocTaBa mnHHejiHAOB b Tpannax Ho- 
pnjibcxoro panoHa. 3to 6bijio CAejiaHO paHee B. B. PhSobbim [1992]. M 3 pnc. 15,a 
bhaho, hto 3bojhou,hh cocTaBa xpoMHinHHejiHAOB b nopoAax BepxHen 3HAOxoHTax- 
TOBOH 30HbI nOJIHOCTbK) COBnaAaeT C TaXOBOH B HHJKHHX nHXpHTOBbIX T-R. IlpU 3T0M 
o6pa3yiOTC5i cooTBeTCTBeHHo npn CHH/KeHHH TeMnepaTypw Asa npoTsuxeHHbix Hajio- 
^ceHHbix p^Aa ot xpoMHinHHejiHAOB nepe3 xpoMMarHeTHTbi x THTaHOMarHeTHTaM. 

XpOMHTbl H3 CXOnJieHHH B HHJKHHX nHXpHTOBbIX H BepXHHX TaXCHTOBbIX T-R 6jIH3XH 
no cocTaBy. CjieAyeT Taxjxe otmcthtb, hto bo Bcex pyAOHOCHbix AncJ)(t)epeHu,HaTax 
HOpHJIbCXHX HHTpy3HH Ha6jHOAaeTC5I B o6lIjeM npHMan 3BOJHOU,HOHHa5I 3aBHCHMOCTb 

coAep^aHHH xpoMa h njiaTHHOHAOB (cm. pnc. 15,6), ho cxopocTb Taxon 3bojhou,hh 
y hhx pa3JiHHHan, h y njiaTHHOHAOB 0Ha npHMepHo Ha nopsmox OTjinnaeTCH ot 
TaxoBOH y xpoMa. 

no3TOMy 6ojibinaH nacTb TaxcHTOBbix r-A (xpoMe cneu,H(J)HHecxHx tbxchtob 
B33-1), 6yAynn npaxTHnecxn yjxe 6e3xpoMHTOBOH, HMeeT eme 3HanHTejibHbie 
COAep^aHHH njiaTHHOHAOB. MoJKHO BHACTb, HTO HHJKHHe TaXCHTOBbie r-A Ha AHar- 
paMMe (cm. pnc. 15,b) npaxTHnecxn coBMemeHbi c MajioxpoMHCTbiMH BepxHHMH 
TaxcHTOBbiMH r-A (B33-2) h, nacTHHHO, c hh^hhmh nnxpHTOBbiMH r-A. B to jxe 
BpeMH nojie BbICOXOXpOMHCTbIX BepXHHX TaXCHTOB (B33-1) AOBOJIbHO pe3XO OTAe- 
jineTCH ot nojien MajioxpoMHCTbix xax BepxHHx, Tax h hhjkhhx TaxcHTOB, a Taxjxe 
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Phc. 15. flnarpaMMbi rjisi pacnpe^ejieHHH xpoMa, cepbi h njiaTHHon^oB b py^oHoc- 
hhx HHTpy3HBax HopHjibCKoro THna (no B. B. Pii6oBy [1992] c AonojiHeminMH 
aBTopa): 

a — 3bojik)ijhsi cocTaBa innMHejiM^OB b Tpannax Hopnjibcicoro panoHa n conocTaBjisieMbix nopcw 1 — 
nMKpMTOBbie 6a3ajibTbi Cn6npcKon njiaT(j)opMbi; 2 — HnxcHne nmcpuTOBbie r-# HopnjibCKnx MHTpy3nn; 
3 — nopo^bl BepXHMX 3H£0K0HTaKT0BbIX 30H; 4 — XpOMHTOBbie CKOnJieHMSI B HMXCHMX nMKpMTOBbIX r-# 
[reHKMH n /jp., 1981]; 5 — BapnaijnoHHasi jimhmsi ^jih paccesiHHbix xpommtob [Fchkmh m ^p., 1981]. 

6 — cooTHomeHMe pacnpe^ejieHnsi xpoMa n njiaTMHon^OB (Pt + Pd) ^jisi nopo,a BepxHMx (B33) n hmxchmx 
(H33) 3H^0K0HTaKT0Bbix 30h HHTpy3HH HopnjibCKoro TMna: 1 — nojie B33-1, nerMaTOM^bi njiaTMHO- 
xpoMMTOBoro, MajiocyjibcjDM^Horo TMna; 2 — nojie B33-2, nerMaTon^bi njiaTMHO-MajiocyjibcjDn^Horo TMna, 
6e,aHoro xpommtom, 3 — nnxpnTbi H33, 4 — TaxcMTbi H33. 

e — cooTHomeHMe pacnpeflejieHnsi cepbi m njiaTMHon^OB (Pt + Pd) fljisi nerMaTon^OB BepxHMx sh^okoh- 
TaKTOBblX 30H B CpaBHCHMM C nMKpMTaMM HMXCHMX 3H£0K0HTaKT0BbIX 30H B MHTpy3MHX HOpMJIbCKOTO TMna. 

CrpejncaMM Ha pnc. 15 noxasaHO B03pacTaHne TeMnepaTypbi T, °C m ^jia cyjibcfcn^Hbix Cu-Ni py# c 

njiaTMHOM^aMM. 
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iihkphtob. B 3tom nojie njiaTHHOH^bi yace Haxo^Tca b Asyx c{)opMax: 1) b bhac 
TB ep^bix pacTBopoB b cyjib({)HAax, cyjibcJioapceHHAax h apceHH^ax h 2) co6cTBeHHbix 
MHHepa jiob, npeACTaBjieHHbix cyjibtjjHAaMH, cnjiaBaMH njiaTHHbi h acejiesa, ap- 

CeHH^aMH, CTH6HHAaMH, CTaHHHAaMH, IIJIK)M6HAaMH, TeJIJiypH^aMH, yKa3bIBaiOmH- 

mh Ha 6ojibinyK) pojib As, Sb h Apyrnx (JunoHAHbix KOMnoHeHTOB, cyzj5i no 
conyTCTByiomHM MHHepa jiaM, coAepjxamHM H 2 0, Cl, F, C0 3 , S0 4 h nrpaiomHM 
3 ^ecb nopoAOo6pa3yK)myio pojib [PaSob, 1992; CjiyjxeHHXHH h a p., 1994]. Mho- 
roHHCJieHHbie coScTBeHHbie MHHepajibi njiaTHHOHAOB 3Aecb, oueBHAHO, hbjihiotch 
yace npo^yKTaMH no3Anero nepeoTjioJxeHHii h KOHu,eHTpau,HH npn o6pa30BaHHH 
BbicoKoxpoMHCTbix BepxHHx TaxcHTOB. 3to noATBepacAaeTca h obHapy^ceHHeM 
njiaTHHOHOCHbix SHAoexapHOB cpeAH TaxcHTOBoro r-A h jieHKora66po, coAep^amHx 
noMHMO MHHepajiH3au,HH Pt h Pd po30Byio mnHHejib MarHoajnoMoxpoMOBoro cocTa- 
Ba (5—10 %), 3ejieHbiH xpoMCOAep^camHH rpaHaT (Cr 2 0 3 ao 12,5 Mac.%) ao 80 %, 
cyjib^HAbi (5—10 %), rpac{)HT, Be3yBnaH, aHrHApHT, xajibijHT [PaSob h ap*, 1994]. 
3to yKa3biBaeT Ha cnocobHOCTb MeTacoMaTH3HpyiomHx pacTBopoB npoH3BOAHTb 
Mo6HjiH3au,Hio pacce^HHoro pyAHoro BemecTBa h nrpaTb pyAoreHepHpyiomyio pojib. 

Kax mo/Kho BHAeTb Ha A^arpaMMe (cm. pnc. 15, b), KOHu,eHTpau,HH njia- 

THHOHAOB H Cepbl HaXOA^TCH, B oSlIjeM, B obpaTHOH 3aBHCHMOCTH H C B03paCTaHHeM 

KOHu,eHTpau,HH cepw yMeHbinaiOTC5i KOHu,eHTpau,HH njiaTHHOHAOB, xpoMe nojra 
BbICOKOXpOMHCTbIX BepXHHX TaXCHTOB, B npeACJiaX KOTOpOrO COOTHOUieHHH cepbl H 
nJiaTHHOHAOB Bee eme npsiMbie. 3bojiioij,h5i cpeAHHx cooTHoineHHH KOHu,eHTpau,HH 
nJiaTHHOHAOB (b % ot cyMMbi 3nn b pyAax pa3pe3a Hophjibckhx MecTopoJKAeHHH 
npeACTaBjieHa Ha A^arpaMMe (pnc. 16), nocrpoeHHOH HaMH no jiHTepaTypHbiM 
AaHHbiM [Distler, 1992]. 3Aecb c B03pacTaHHeM h naAeHneM TeMnepaTypbi 
o6pa30BaHH5i HaMerajiacb jioxajiH3au,H5i nonra Bcex pa3HOBHAHOCTeH cyjibcjiHAHbix 
pyA b HHTpy3HBe h ero 3X30X0HTaxTe Cra6ji. 10). Bhaho, uto Pt h Pd 3 bo- 
jnou,HOHHpyiOT no pa3pe3y xax B3aHMOAonojiH5iiomHe (xoMnjieMeHTapHbie) 3jieMeH- 
Tbi b njiaTHHOHAHbix pyAax h c B03pacTaHHeM KOHu,eHTpau,HH njiaTHHbi yMeHbina- 
iOTC5i TaxoBbie najuiaAHH. HeTxo (J)HxcHpyiOTC5i Tpn Taxnx MaxcHMyMa Pt (h 
COnp5DKeHHbIX MHHHMyMa RJISL Pd): 1) BepXHHX TaKCHTOB, 2) npO^CHJIKOBO-BKpan- 
jieHHbix pyA h 3) cnjionmbix xajibKonnpHTOBbix pyA. fljia Pd obHapyjxHBaiOTCii 
MaxcHMyMbi: 1) rjisi BxpanjieHHbix h 2) j\jin cnjioniHbix xySaHHTOBbix pyA. flsa 
MaxcHMyMa HMeeT xpHBasi 3bojiiou,hh cooTHomeHH5i Pd/Pt, noBTopsm 3bojiiou,hk) 
Pd. Jlnnib rjisl cnjionmbix nnppoTHHOBbix pyA obHapyacHBaeTca MaxcHMyM Rh. 
IIjiaBHo yMeHbinaiOTca OTHOCHTejibHbie xomjeHTpaijHH Os, Ir, Ru no Mepe chh- 
TKtimsi TeMnepaTypbi pyA h B03pacTaHH5i ^S, AOCTHraa eAHHoro MHHHMyMa b 
cnjioniHbix xajibKonnpHTOBbix pyAax. CooTHomeHHH Pt k cyMMe Ru, Rh, Ir, Os, b 
o6meM, noBTopsnoT 3bojiioij,hk) KOHu,eHTpau,HH Pt c AsyM5i hctkhmh MaxcHMyMaMH, 
o6pa3ya xpynHbiH MHHHMyM b objiacTH BxpanjieHHbix h cnjioniHbix nnppoTHHOBbix pyA. 

Pe3iOMHpy5i, noA^epxHeM cjieAyiomee. Kax y>xe OTMenajiocb [Distler, 1992], 
no OTHOUieHHIO X XOHU,eHTpaiI,HH nJiaTHHOHAOB Ha eAHHHU,y CyjIb(j)HAHOH Maccbi 
npo5iBji5ieTC5i neTXHH p^A ee CHH>xeHH5i, a hmchho: BepxHne TaxcHTbi, BxpanjieHHbie 
pyAbi, npo^cHjixoBO-BxpanjieHHbie pyAbi, cnjioniHbie pyAbi. B BepxHHx TaxcHTax no 
cpaBHeHHio co cnjioniHbiMH pyAaMH xoHu,eHTpau,Ha Pt b cyjib(})HAHOH Macce npeBbi- 
inaeT no BejiHHHHe 6ojiee neM b 100 pa3 (cm. Ta6ji. 9). 3 to He no3BOJi5ieT CB5i3biBaTb 

HanpilMyiO XOHU,eHTpan,HH nJiaTHHOHAOB C XOJIHHeCTBOM CyjIb(J)HAOB, HMeiOIAHXCH B 
HopnjibcxHx pyAax, 6ojiee Toro, HMeeTca hx obpaTHaa 3aBHCHMOCTb (cm. pnc. 15,b) 
h no3TOMy aojdkhh 6biTb pa3o6meHbi h nyra hx reHe3nca. Taxne HeonpoBepjxHMbie 
oScTOHTejibCTBa ^bho He corjiacyiOTC5i c ocHOBaMH npeACTaBjieHHH o cahhom hcxoa- 
hom cyjibcJiHAHOM pacnjiaBe, axo6bi nepBOHanajibHo coAep^cameM Becb obteM HMe- 
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PhC. 16. 3bOJIIOIJ,H5I epe^HeH XOHU,eHTpaiJ,HH njiaTHHOHAHOH MHHepajIH3aiI,HH B 
pa3pe3e Hopnjibcxnx MecTopoacAeHnn b npou,eHTax ot cyMMbi 3Lir. flnarpaMMa 
cocTaBjieHa no AaHHbiM B. B. flncTjiepa [Distler, 1992], cm. Taxace Ta6ji. 10: 

1 — Majiocyjib({3HflHbie BepxHHe TaxcHTbi c xpommtom (1—3 % cyjibcjDH/jOB) ; 2 — BxpanjieHHbie py/jbi 
(nMxpMTbi m TaxcMTbi HMxcHMe, 8—10 % cyjibcjwflOB); 3 — npoxcMjiKOBO-BxpanjieHHbie pyflbi (30—40 % 
cyjib(f)H/jOB); 4 —£ — MaccHBHbie py/jbi (90 — 95 % cyjibcjwflOB) : 4 — mippoTHHOBbie, 5 — Ky6aHHTOBbie, 
6 — xajibKonHpHTOBbie. FIpoHHe noacHeHHsi cm. b tckctc. CrpejiKaMH noxasaHO B03pacTaHne TeMnepa- 
Typbi T, D C h pS /yisi cyjib^M^Hbix Cu-Ni py/j c njiaTHHOH/jaMH. 


lomnxcii njiaTHHOH^OB b HopnjibCKHx pyAax. Mbi nojiaraeM, hto Han6o;iee o6ocho- 
BaHHbiM ofi-bHCHeHneM Taxon xapTHHbi MoaceT 6biTb jinnib xoHu,eHTpau,na njia- 
thhohaob nyTeM aBTOMeTacoMaTnnecxoro reHe3nca b npou,ecce CHnaceHna TeMnepa- 
Typw — ot o6pa30BaHHH npnMecn b BbicoxoTeMnepaTypHbix TBepAbix cyjib({)HAHbix 
pacTBopax ao noiiBjieHH5i caMOCTO^TejibHbix cj)a3 — npn 3HannTe;ibHOM CHnaceHnn 
TeMnepaTypbi c npeBbimeHneM nx MaxcnMyMa pacTBopnMOCTn b cyjibctmAax. Ofi-bsic- 
HsieTca TaxHM nyTeM n eme oahh oneHb BaacHbin noxa He ofi'b^CHeHHbin (J)axT — 
Ha6jnoAaeMbin AHc6a;iaHC MeacAy 6ojibmnM xojinnecTBOM njiaraHOHAOB n MajibiM 
oSbcmom MarMbi b MaTepnHCxnx HHTpy3HBax. flejio b tom, hto cyAfl no H3BecTHbiM 
xoHu,eHTpau,H5iM 3nr b 6a3HTOBbix pacnjiaBax n nx pacnpeAejieHmo b cyjibtJmAHbix 
}KHAxocT5ix, „coAep^aHne nAaTHHOHAOB b pyAax aojdkho nponcxoAHTb, no xpaimen 
Mepe, H3 ofi-beMa b 200 pa3 6o;ibniero 6a3HTOBon MarMbi, neM npeACTaBjieHHbin b 
HHTpy3HBax” [Zientek, Likhachev, 1992, c. 492]. 3to, xax n p^A Apyrnx BemecT- 
BeHHbix orpaHnneHHH no reHe3ncy Hopnjibcxnx pyA, Ha3BaHHbix othmh nccjieAOBa- 
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TejiHMH, „noKa3biBaeT, hto ({ipaxijHOHHpoBaHHe Mss He HBjraeTCH eAHHCTBeHHbiM 
MexaHH3MOM, KOTopbiH a aeT B03pacTaHHe BemecTBeHHoro pa3Hoo6pa3H5i pyA.” B 
HinpoKO BapbHpyiomHx ycjiOBMx TeMnepaTypbi, xhmhhccxhx noTeHu,Ha;iOB cepbi h 
cocTaBa nopoA, BMenjaiomHx pyAbi, 3 th ynoMHHyTbie orpaHHneHHH oxa3biBaiOTC5i 
AOCTaTOHHo jierxo npeoAOJiHMbiMH npn AonymeHHH cyjib(J)ypH3aij,HOHHo-MeTaco- 
MaTHnecKoro reHe3Hca hophjibcxhx pyA [3o;iOTyxHH, 1964, 1971, 1988, 1991; 
3ojiOTyxHH, MajnoK, 1985]. BbraBjiaeTCH xaMepHbin, a He rjiy6HHHbiH xapaxTep 
CyjIb(J)HAOB H COnyTCTByiOmHX njiaTHHOHAOB H COOTBeTCTBeHHO 6o;ibHiaH pojib 
npou,eccoB cyjib({)ypH3au,HH h MeTacoMaT03a b hx reHe3Hce hmchho npn 3aBepmeHHH 
MeTaMarMaraHecKOH Ae6a3H(J)Hxaij,HH „ btophhhbix ” pacnjiaBOB ochobhbix nerMa¬ 
TOHAOB HOpHJIbCKHX py/JOHOCHblX HHTpy3HBOB [KopaCHHCXHH, 1973; 30JI0TyXHH, 
1978]. 3 to AOCTaTOHHo y6eAHTejibH0 AeMOHCTpnpyeTC5i npn conocTaBjieHHH py ao- 
HOCHblX paCCJIOeHHbIX HHTpy3HBOB H KOMarMaTHHHbIX HM 6e3pyAHbIX THnep6a3HT- 
6a3HTOBbIX 3(JxJ)y3HBOB B HopHJIbCXOM paHOHe [3oJIOTyXHH H Ap., 1986, 1989]. 

Kax cjie^yeT H3 Bcero cxa3aHHoro Bbirne, reHe3HC npoMbimjieHHoro cyjib- 
cJ)HAHoro 3nr-Cu-Ni opyAcneHHH HopHjibCKoro rana TecHO CB5i3aH c bo3hhxho- 
BeHHeM b AH({)(t)epeHu,HpoBaHHbix rHnep6a3HT-6a3HTOBbix HHTpy3HBax Taxnx cne- 
u,H(J)HHecKHx ocHOBHbix (6a3HTOBbix) nerMaTOHAOB, xax Ha cxeMe, H3o6paaceHHOH 
Ha pnc. 10. npH STOMHaHajio npou,ecca cyjib(J)ypH3au,HH, ohobhaho, npnyponeHO x 
3aBepmaK)meH MeTaMarMaTHnecxon CTaAHH sbojiioijhh „BTopHHHoro” nerMaTOHAHO- 
ro pacnjiaBa, ho b rjiaBHOH CBoen Macce opyAeneHHe o6pa3yeTCH b paHHHH 
nocTMarMaTHnecxHH 3Tan, hm en yace apxo BbipaaceHHyio cyjib({)ypH3au,H0HH0-MeTa- 
coMaTHHecxyio npnpoAy c hbjichhhmh 3aMemeHH5i HHTpy3HBHbix h BMenjaiomHx 
nopoA, oco6eHHo npn o6pa30BaHHH MaccHBHbix pyA, HMeiomnx npoMbimjieHHoe 
3HaneHHe [3o;iOTyxHH, 1973, 1974a, 1988, 1991]. 


3 AKJIIOHEHHE 

rjiaBHOH npHHHHOH yHHxajibHoro no CBoeMy 3HaneHHio b MHpe npoMbimjieH- 
Horo nAaTHHOHAHo-MeAHO-HHxeAeBoro cyjib({)HAHoro opyAeneHHH b pyAOHocHbix 
HHTpy3HBaX HOpHAbCXOrO THM HBAHCTCH npHCyTCTBHe B HHX OCHOBHbIX (6a3HTOBbIX> 
nerMaTOHAOB, „HajioaceHHbix” Ha nopoAbi ochobhoh paccjioeHHOH cepHH HHTpy3HH 
[3o;iOTyxHH, 1964; 3o;iOTyxHH, BacnjibeB, 1967]. 

OcHOBHbie nerMaTOHAbi b yjibTpa6a3HT-6a3HTOBbix HHTpy3HBax HopHjibcxoro 
THna npeACTaBAeHbl 3HA0X0HTaXT0BbIMH r0pH30HTaMH „HHaCHHX” H „BepXHHX” 
TaxcHTOBbix r-A h nerMaTOHAHbix jieHxora66po, bo3hhxhihx 3a cneT ropH30HTOB 
„BTopHHHoro” pacnjiaBa [3o;iOTyxHH, 1964]. Ilpn OTcyTCTBHH b noAo6HOM ace 
paCCJIOeHHOM yjIbTpa6a3HT-6a3HTOBOM HHTpy3HBe OCHOBHBIX nerMaTOHAOB — HeT H 
cyAb(J)HAHoro opyAeHeHeHHH, b tom nncjie h b ero nnxpHTOBOM ropH30HTe. 

flHarpaMMbi c ynacTHeM OTHOineHHH K 2 0/(K 2 0 + Na 2 0) yxa3biBaiOT Ha 3aMeT- 
ho 6ojibmyio xajmeBocTb nerMaTOHAHoro btophhhoto pacnjiaBa no cpaBHeHHio c 
pacnjiaBOM, hcxoahbim aah rjiaBHoro Tejia pyAOHocHoro HHTpy3HBa, hto noATBepac- 
AaeTCH h o6orameHHocTbio nerMaTOHAOB rjiaBHbiMH HexorepeHTHbiMH 3jieMeHTaMH 
no cpaBHeHHio c nopoAaMH rjiaBHOH paccjioeHHOH cepnn HHTpy3HBa. ripn 3aMe- 
meHHH nopoA paccAoeHHOH cepnn nerMaTOHAaMH pyAOHocHoro HHTpy3HBa npo- 
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hcxoaht 3Ha*mTejibHoe yHacjieAOBaHHe obmero cocTaBa hcxoahbix nopoA- OcHOBHbie 
nerMaTOH^bi 3BOjnou,HOHHpyiOT no He TOJibxo 3a cneT yHacjieAOBaHHe 
nepenjiaBjiaeMbix nopoA, ho h 3 a cneT no5iBjieHH5i b hhx pyAHbix MHHepajiOB jxe;ie3a 
h npeacAe Bcero ero cyjibtJiHAOB b 6o;iee 3HanHTe;ibHOM xojranecTBe, neM b nopoAax 
paccjioeHHOH cepnH. 3to noATBepjxAaeTCii AnarpaMMOH S o6ui — K^, r^e hmchho 
cymecTBeHHoe noBbiineHHe xojranecTBa cepw xoppejinpyeTca co 3HanHTe;ibHbiM 
POCtom nerMaTOH^Hbix nopoA. 

K TpeH^y mix paccjioeHHOH cepnn 3toh AnarpaMMbi abho TaroTeeT jihuib TpeHA 
Ma;iocyjib(J)HAHbix BepxHHx nerMaTOH^OB, nepexoA^iAHH 3aTeM b o6mee nojie 
nerMaTOHAOB. 

no cpaBHeHHio c paccjioeHHOH cepneH (b n,e;iOM) BepxHne thkchth oborameHbi 
Cs, Ba, Rb, Sr h oSeAneHbi Cr, Ni, Co, Zr, hh^khhc thkchtm oSorameHbi Ni, Co, 
Cs, Ba, Rb, Sr h obeAHeHbi Cr, Zr. BepxHHe TaxcHTbi no cpaBHeHHio c hhjkhhmh 
eme 6o;iee oSorameHbi Cs, Ba, Rb, Cr h 3HanHTe;ibHO oSeAHeHbi Ni, Co, Zr, Sr. 

nerMaTOHAbi (b u,ejiOM) no cpaBHeHHio c nnxpHTaMH paccjioeHHOH cepnn 
oborameHbi HexorepeHTHbiMH 3jieMeHTaMH (Cs, Ba, Rb, Sr, Zr) h obeAHeHbi 
KorepeHTHbiMH (Cr, Ni, Co). 

K oco6eHHOCTHM rjiaBHbix pyAHbix MHHepajiOB H3 hophabckhx pyA othocatca: 

IJuppomunbi: 1) HanSoAbinaH oSorameHHOCTb cepon h oSeAHeHHOCTb jxejie- 
30M — b TaxcHTOBbix r-A h npoJKHjixoBO-BxpanjieHHbix pyAax, npnneM b BepxHHx 
H HH/KHHX TaKCHTaX COCTaBbI nHppOTHHOB npaXTHHeCXH COBnaAaiOT; 2) CpeAH5I5I H 
MaxcHMaAbHaa AceAe3HCT0CTb nnppoTHHOB xapaKTepHa aah nnKpHTOBbix t-a; 3) b 
nopiiAKe % B03pacTaHH5i HHxejiHCTOCTH nnppoTHHbi asiot p^A (nHKpHTOBbie r-A — 
MaccHBHbie pyAw — npojxHjixoBo-BxpanjieHHbie pyAw — TaxcHTOBbie t-a). 

IleumJiaudumbi: 1) BbmBjraeTCfl neTxo BbipajxeHHaa jiHHeimafl oSpaTHaa 3 a- 
BHCHMOCTb MeJKAy Ni H Fe B HX COCTaBe; 2) (j}HXCHpyeTC5I MaXCHMajIbHblH H CpeAHHH 
ypOBeHb HHXejIHCTOCTH H, COOTBeTCTBCHHO, MHHHMajIbHblH H CpeAHHH ypOBCHb 
ACeAe3HCTOCTH Pn H3 npOJKHAKOBO-BKpanAeHHbIX pyA, K KOTOpbIM no COCTaBy 
T^roTeeT Pn H3 TaxcHTOBbix ropH30HTOB (hhjkhhx h BepxHHx); 3) rjiaBHaa Macca 
Pn MaccHBHbix pyA HMeeT BbicoxoJxe;ie3HCTbie h HH3xoHHxejiHCTbie cocTaBbi, yxa- 
3biBaa, oneBHAHO, Ha CHHJxeHHe ^Ni b pacTBopax Ha yAajieHHH ot npoBOAanjHx 30 H 
xax b npeAejiax TaxcHTOBbix (nerMaTOHAHbix) ropH30HTOB, Tax h npoJKHjixoBO- 
BxpanAeHHbix pyA. 

Munepajibi epynnbi xajibKonupuma : 1) c yMeHbineHHeM jxe;ie3HCTOCTH cocTaBa 
B03pacTaeT hx MeAHCTOCTb b CAeAyiomeM nopsiAxe: HHxejiHCTbie nyTopaHHTbi — 
xaAbxonnpHTbi — nyTopaHHTbi — MonxyxHTbi — TajmaxHTbi, xpaHHHMH HanboAee 
MeAHCTbIMH H HH3XOACeAe3HCTbIMH 5IBA5HOTC5I COCTaBbI TajIHaXHTOB H3 nHXpHTOBbIX 
t-a; 2) HanSoAee MeAHCTbIMH h HanMeHee cepHHCTbiMH hba5hotc5i TajmaxHTbi, 
nyTopaHHTbi h MonxyxHTbi, MeHee MeAHCTbIMH h HanSojiee cepHHCTbiMH — xajib- 
xonnpHTbi h Aajiee Ni-nyTopaHHTbi; 3) HanMeHee jxe;ie3HCTbiMH h HanMeHee 
CepHHCTbiMH 5IBA5HOTC3 TajIHaXHTbl H3 nHXpHTOBbIX T-R; 4) CpeAH5IH JXejie3HCTOCTb 
h cepHHCTOCTb obHapyjxHBaerai y nyTopaHHTOB h MonxyxHTOB, cpeAHsisi jxe- 
Ae3HCTOCTb h HanSoAbinaH cepHHCTOCTb — y Bcero p^Aa xajibxonnpHTOB, npnneM 
MaKCUMajibHan cepnucmocmb q maKcumoQbix 3to tobopht o npHyponeHHOCTH 
B03HHXH0BCHHH XajIbXOnHpHTa X B03paCTaHHIO JuS (C MaXCHMajIbHbIMH JuS — y 
xaAbxonnpHTOB TaxcnTOBbix r-A, yxa3biBaa Ha hx 6;iH30CTb x rjiaBHbiM npoHHii,ae- 
MbIM 30HaM). 

npH COnOCTaBAeHHH COCTaBOB BXpanAeHHbIX, npOJKHAXOBO-BXpanAeHHbIX H 
MaccHBHbix nnppoTHHOBbix pyA Tajmaxa, cyAfl no CTaSnjibHOCTH cooTHomeHHH 
rAaBHbix pyAHbix 3AeMeHT0B b hhx, HMeeT MecTO nocAeAOBaTeAbHaa CMeHa Bxpan- 
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jieHHbix py^ npo^cHjiKOBo-BKpanjieHHbiMH h jjajiee MaccHBHbiMH. ripn 3tom Mac- 
CHBHbie pyjjbi CTaHOBHTCH 3aMeTHo 6ejjHee (Ha ezjHHHijy cyjibctm/jHOH Maccbi) Cu, 
Co h 6jiaropoAHOMeTa;uibHbiMH 3jieMeHTaMH (npn 6jih3xoh KOHu,eHTpau,HH Ni), ueM 
BKpanjieHHbie py^bi, yxa3biBa5i Ha HejmxBaijHOHHbiH hx reHe3HC. Ilpn conocTaB- 
jieHHH Tpex TunoB cnjiouiHbix py^ (nHppoTHHOBbix, Ky6aHHTOBbix h TajraaxHTOBbix) 
BHJJHO, HTO OnpeAejIHIOmHM KOMnOHeHTOM B 3BOJIIOIJ,HH HX COCTaBa HBJIHeTCH Mejjb. 

riHppoTHHOBbie py^bi, OHeBHAHo, cjiy^caT nepBOHanajibHOH ochoboh jjjih npeo6pa30- 
BaHHH hx b Ky6aHHTOBbie, a 3aTeM h b TajmaxHTOBbie pyjjbi c npHBHOcoM MejjH h 
BbmocoM Ko6a;ibTa. Pt, Pd, Au h Ag no cojjepacaHHio Bbirne b TajiHaxHTOBbix, ueM 
b Ky6aHHTOBbix h nnppoTHHOBbix pyjjax. HanpoTHB, Rh, Ir, Ru, Os hmciot 
MaxcHMajibHbie cojjepacaHHH b nnppoTHHOBbix pyjjax. ripn npeo6pa30BaHHH nnp- 
poTHHOBbix py jj c HHTeHCHBHbiM npHBHOcoM MejjH MeHee BbICOXOTeMnepaTypHbIMH 
cjunoHj^aMH npHBHocHTCH h conyTCTByiomHe en Pt, Pd, Au, Ag, b to BpeMH xax Rh, 
Ir, Ru, Os BbiHOCHTCH H3 nnppoTHHOBbix py^. K eme 6o;iee HH3X0TeMnepaTypH0H 
CTU^HH C CaMOCTOHTejIbHbIMH (J)a3aMH 3nr OTHOCHTC5I OpyjjeHeHHe Majiocyjlb- 
c{)HAHbix ropH30HTOB BepxHHx nerMaTOH^OB [Ph6ob, 1992; CjiyaceHHXHH h jj p., 
1994] h yace sibho 6;iH3Koe k rn^poTepMajibHOMy reHe3ncy. 

IIoAoSHbiM ace o6pa30M npn conocTaBjieHHH cocTaBOB Bxpanjiemibix, npo- 
acHjiKOBO-BKpanjieHHbix h MaccHBHbix nnppoTHHOBbix pyjj XapaejiaxcKou unmpy3uu 
ycTaHaBjiHBaeTCH, uto MaccHBHbie pyjjbi CTaHOBsiTCH 3aMeTHO 6ejjHee Co, Cu h bccmh 

6jiaropojjHOMeTajijibHbiMH 3jieMeHTaMH, ueM BxpanjieHHbie Ha e^HHHijy cyjibtJiHjjHOH 
Maccbi, uto npomuGopemim jiuKeau^uonnou KOHu,enu,uu eene3uca nopujibCKux pyd. 

ripn conocTaBjieHHH Tpex TnnoB MaccHBHbix pyjj Xapaejiaxcxon HHTpy3HH 
(nnppoTHHOBbix, Ky6aHHTOBbIX H MOHXyKHTOBblx) , cy JJ5I no COOTHOineHHK) TJiaBHbIX 
py^Hbix KOMnoHeHTOB, nnppoTHHOBbie pyjjbi cjiyacaT ochoboh rjisi npeo6pa30BaHHH 
hx c npnBHocoM Me/jH BHauajie b Ky6aHHTOBbie, a 3aTeM b MonxyKHTOBbie pyjjbi. 
ripn 3tom Ha6;noAaeTCH Taxace OTHocHTejibHaa CTa6njibH0CTb b paccMaTpnBaeMbix 
MaccHBHbix pyjjax cooTHomeHHH 6ojibineH uacTH 6jiaropojjHOMeTajuibHbix 3jieMeH- 
tob c noBbimeHHeM hx KOHu,eHTpau,HH, b o6njeM, ot nnppoTHHOBbix uepe3 xy6aHHTO- 
Bbie k MOHxyKHTOBbiM pyjjaM, uto yxa3biBaeT Ha 6ojibinyio pojib npou,ecca nocjie- 
AOBaTejibHoro npeo6pa30BaHHH nnppoTHHOBbix pyjj c npHBHOcoM MejjH. 

CymecTByeT jjBe B03M0acH0CTH jjjih BbicoxoTeMnepaTypHbix pyjjoo6pa3yioiu;Hx 
cyjibtJiHjjOB. Ohh MoryT xpHCTa;uiH30BaTbC5i xax H3 cyjibcjMjjHoro pacnjiaBa, Tax h 
npn B3aHMO^eHCTBHH BbicoxoTeMnepaTypHbix MeTacoMaTH3HpyiomHx ({ijnoHjjoB c 
cy6yjibTpaocHOBHbiMH nopojjaMH MaTepnHCxoro HHTpy3HBa, xoTopbin HBjraeTCH hc- 
touhhxom no;ie3Hbix xoMnoHeHTOB, H3BjiexaeMbix, nepeHocHMbix, xoHii,eHTpHpye- 
mhx h ocaacjjaeMbix ({unoH^aMH, CB5i3aHHbiMH c ochobhbimh nerMaTOHjjaMH ^aHHoro 
HHTpy3HBa. 

CyjibtJiHAHoe MejjHO-HHxejieBoe opyjjeHeHHe cojjepacHT H30MopcJ)Hyio npwMecb 
njiaTHHOHjjOB b BbicoxoTeMnepaTypHbix TBepjjbix pacTBopax py/joo6pa3yiomHx cyjib- 
({ihjjob. CaMocTOHTejibHbie MHHepajibHbie c})a3bi njiaTHHbi h najuia^HH o6pa3yiOTC5i 
yace b oTHocHTejibHo 6o;iee HH3xoTeMnepaTypHbix ycjiOBHnx pyjjooTjioaceHHsi, 6 jih 3- 
XHX THApOTepMajIbHblM, H COnpOBOaCJjaiOTCfl (JlJIlOH^COAepacamHMH MHHepajIbHbIMH 
c{)a3aMH, HBjiHHCb, TeM He MeHee, npo^ojiaceHneM ojjnoro py#oo6pa3yiomero npon,ec- 
ca b 6ojibinoM TeMnepaTypHOM HHTepBajie. 

IIpo6jieMy cymecTByiomero £Hc6ajiaHca Meagjy bbicoxhm co/jepacaHHeM njia- 
thhohaob b pyjjax h He corjiacyiomHMCH c hhm oueHb MajibiM oSbcmom MarMbi b 
py^OHOCHbix HHTpy3HBax [Zientek, Likhachev, 1992] no3BOJi5ieT peuiHTb xoh- 
u,enu,HH cyjib(JiypH3aii,HOHHO-MeTacoMaTHuecxoro reHe3wca hophjibcxhx Me^Ho- 
HHxejieBbix cyjibcJiHAHbix py jj c njiaTHHOHjjaMH. OHa Taxace no3BOjraeT npeojjojieTb 
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p5iA Apyrnx ynoM5iHyTbix BemecTBeHHbix orpaHHneHHH no reHe3ncy HopnjibCKnx 
py a, HeonpeoAOJiHMbix rjisl jraxBaijHOHHOH KOHu,enu,HH hx reHe3Hca, n obMCKHTb 
npaKTnnecKH Becb H3BecTHbiH cJ)aKTnnecKHH MaTepnaji no cocTaBy py# HopnjibCKoro 
Tnna. 

Y6eAHTe;ibH0 noATBepjxAaeTca 6e3 npoTHBopennn c H30TonHbiMH, reoxHMHnec- 
khmh n OKcnepnMeHTajibHbiMH [ropbaneB, 1992] ^aHHbiMH He rjiybHHHbiH, a 
KaMepHbiw xapaxTep cyjibcJiHAOB n conyTCTByiomHx njiaTHHOHAOB xax n 6ojibina5i 
pojib npou,eccoB cyjib({)ypH3aij,HH n MeTacoMaT03a b hx reHe3nce h npn conocTaBjie- 
HHH py^OHOCHblX paCCJIOeHHbIX HHTpy3HBOB H KOMarMaTHHHbIX HM 6e3pyAHbix rH- 
nep6a3HT”6a3HTOBbIX 3(JxJ)y3HBOB B HopHJIbCKOM paHOHe [3ojIOTyXHH H AP-, 1986]. 

CyAfl no A^arpaMMe Th/U—Yb/Gd, HMeeTC5i siBHoe reoxHMHnecKoe cxoactbo 
nopOA pyAOHOCHbIX HHTpy3HBOB H 6a3ajIbTOB nOCAeAHeH (J)a3bl ByAKaHH3Ma B 
HopnjibCKOM panoHe. 3 to noATBep^cAaiOT Taxjxe AnarpaMMbi La/Sm—Ta/La h 
C e/Yb—La/Sm. Cabhf Tonex pyAOHocHbix HHTpy 3 HBOB 3 a npeAejibi nojisi 3 thx 
6 a 3 aAbTOB Ha H30TonHOH A^arpaMMe ( 87 Sr/ 86 Sr) — ( 206 Pb/ 204 Pb) o 6 mcH sieTesi He- 

CTaSHAbHOCTblO OTHOIHeHHH 87 Sr/ 86 Sr Kax 3a CneT AOnOJIHHTejIbHOH aCCHMHAHU,HH 
pacnjiaBOM xopoBoro MaTepnajia, Tax h AonojiHHTejibHoro npHBHoca (JunoHAaMH b 
HHT py3HBbi CTpoHii,H5i nepe3 nerMaTOHAHbie pacnjiaBbi. B no;ib3y 3Toro yKa3biBaeT 
h no^BjieHne Ha H30TonHOH A^arpaMMe nerMaTOHAHbix nopoA pyAOHocHbix HHTpy- 
3HH — epeAH nopoA HHJKHeTaAHaXCKOrO HHTpy3HBa C MaKCHMajIbHbIMH COOTHO- 
meHHflMH H30T0n0B CTpOHU,H5I, TR£ HMeeTCil 5IBHbIH GblHOC (KCLK U IipUGHOC) P^Aa 

sjieMeHTOB 6o;iee no3AHHMH pacTBopaMH [P5160B, 5Iko6h, 1981; P5160B, 1991]. 

Oco6aa oSorameHHOCTb pyAOHOCHbIX HHTpy3HBOB HOpHJIbCKOrO THna T5DKejIbIM 
H30TonoM cepbi [rpHHeHxo, 1985] yxa3biBaeT Ha xopoBbiH hctohhhk cepbi b 
3HanHTeAbHOH CTeneHH h Ha 6ojibinyio pojib cyjib(J)ypH3aij,HH b reHe3nce hx 
cyAbtJiHAHoro opyAeHeHHfl. 

reHe3HC ocHOBHbix nerMaTOHAOB h cyjib({)HAHoro 3Iir-Cu-Ni opyAeneHH5i b 
KOHenHOM cneTe 5iBji5ieTC5i pe3yjibTaTOM cneu,H(J)HHecKoro MexaHH3Ma ({lopMHpo- 
BaHHH pyAOHocHbix rnnep6a3HT-6a3HTOBbix HHTpy3HBOB HopHjibcxoro Tnna npn 
nyAbcau,HOHHOM hx BHeApeHHH [3oAOTyxHH, 1964], xax h coneTaHH5i psiAa Apyrnx 
HeoSxOAHMbIX yCAOBHH [3oJIOTyXHH, 1971]. 
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rTpnjio>KeHne I 

TABJIHUbI AHAJIHTH^ECKHX flAHHbIX 
nO HHTPY3HBAM HOPHJIbCKOrO THnA 



Ta6jiMua 1 . XHMnnecKHe cocTaBbi (Mac.%) cpe/jHeB3BeineHHbix no HexOTopbiM HHTpy3HHM (1) HopnjibCKoro Tnna 

H MX nHKpHTOBbIM r0pH30HT3M ( 2 ) [IIOHCKOBbie KpHTepHH..., 1978 ] 
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Ta6;iHi;a 2. Cpeflime h cpe/jHeB3BeineHHbie cocraBbi (Mac.%) ra66po-flOJiepHTOB (r-fl) BepxHeTajmaxcKOH HHTpy3HH [3 ojiotyxhh h aPm 1975] 
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Ta^HaxcKOM MHTpy 3 MM: 10 — CeBepo-BocTOHHoft m KJro- 3 ana,aHOH, 11 — CeBepo-oana^HOw, 12 — XapaejiaxcKon (ijeHTpajibHasi nacrb), 13 — cpe^HMM cocTaB 
Ta^HaxcKOM MHTpy 3 MM b ijejiOM; 14 — cpe^HeB 3 BemeHHbiM cocTaB TajmaxcKOM MHTpy 3 MM (no ,ZJ. A. /Johnny n E. H. BaTyeBy [ 1971 ]); Q — noxasaTejib 
HeAOCbiin,eHHOCTn Si 0 2 , K + — K 03 (f)(t)ni;neHT cjDpaKunoHnpoBaHnsi (K^ = 100 * (Fe 2 0 3 + FeO)/(MgO + Fe 2 0 3 + FeO)). 
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npMMenaHMe. TjiaBHbie OKCH^bi, nnn h S o6ij ^, Mac.%; PGE, ppb; npoHHe MHKposjieMeHTbi, ppm. Co^epacaHHe rjiaBHbix okch^ob nepecHHTaHO Ha 
100 % 6e3 nnn. 06m.ee >xejie30 npMBO^MTCH jih6o b BH^e Fe 2 0 3 , jih6o FeO. CorjiacHO jiHTepaTypHbiM HCTOHHmcaM [Distler, Kunilov, 1994; Czamanske et a!., 
1994], b KOTopbix npHBOAHTCH 3TH aHajiHTHHecKHe ^aHHbie, nojiyneHHbie b reojiorHnecKHx cjiy>x6ax CIIIA m KaHa^bi. ra66po-flOJiepHTbi: 1 — KOHTaKTOBbie, 
2—5 — nHKpHTOBbie, 6—8 — ojiMBMHOBbie, 9—11 — ojiHBHHCOflepxcam.He, 12 — ra66po-flHopHTbi, 13 — rH6pH^Hbie nopo^bi. 
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T a 6 ji n n, a 5. CocTaB nopoAOo6pa3yiomHx MHHepajiOB BepxHHx (r BT ) h hhachhx (r MT ) TaxcHTOBbix 
ra66po-AOJiepHTOB h ra66po (r) H3 HexoTopbix HHTpy3HH HopmibCKoro rana [3ojiOTyxHH, 1978] 


N9 

n/n 

HHTpy3M5I 

no- 

po/ja 

PI 

Cpx 

Opx 

01 

CocTaB 
(% An 

KOMn.) 

Koji- 

BO (%) 

CocTaB 
(% Hec 

KOMn.) 

Koji- 

BO (%) 

CocTaB 
(% Fs 

KOMn.) 

Koji-bo 

(%) 

CocTaB 

1 (% Fa 

KOMn.) 

Koji- 
bo (%) 

1 

TajiHaxcKasi 











BeTBH: 












r HT 

93—43 

30—55 

31—39 

20—25 

26 

Ea. % 

24—30 

10—30 


IOro-3anaAHa5i 







AO 0 





r 

97—50 

30—50 

30—32 

25—35 

25 

" 

22—35 

5—20 


CeBepo- 


100—35 

40—50 

21—39 

20—27 

26—30 

" 

28—35 

10—30 


B0CT0HHa5I 

r 

96—40 

25—50 

32—35 

25—30 

32—44 

" 

10—44 

10—35 


CeBepo- 

r nr 

86—35 

45—55 

26—39 

20—35 

28 


30—36 

10—20 


3ana^Hasi 

r 

88—45 

35—65 

26—30 

15—25 

18—36 


20—35 

10—30 



r 

88—46 

30—55 

19—48 

20—35 

23—26 

» 

17—31 

10—20 


Xapaejiaxcxasi 

HT 











r 

86—40 

40—65 

19—45 

20—30 

28—38 


24—31 

5—25 



r 

BT 

93—45 

5—95 

23—33 

3—70 

22—35 

0—5 

20—35 

0—30 

2 

HopMJIbCK-I 

r 

HT 

95—40 

10—95 

27—17 

0—90 

22—35 

0—5 

22—40 

0—50 



r 

98—40 

66—88 

36—27 

8—30 

— 

— 

51—56 

0,5—9 



r 

BT 

87—58 

15—95 

20—30 

0—45 

27—40 

Efl.% 

22—32 

0—55 

3 

HopMJIbCK-II 

r 

HT 

87—62 

20—94 

22—20 

0—40 

28—41 

0—5 

24—40 

0—50 



r 

93—62 

65—90 

21—28 

10—20 

— 

Ea- 

40 

1—20 









3epHa 





r 

65 

73—85 

30—35 

9—17 

_ 

_ 

_ 

3—6 

4 

HepHoropcxasi 












r 

HT 

85—42 

88—15 

24—20 

0—45 

22—40 

0—6 

26—46 

0—50 

5 

HMaHr^MHCKasi 

r 

HT 

80—64 

60 

20—10 

28 

23—30 

Efl.% 

17—35 

10 


n pMMenaHMe. Flo ^aHHbiM: 1 — B. B. 3ojiOTyxMHa h #p. [1975]; 2—4 — M. K. HBaHOBa h 
AP- [1971]; 5 — H. A. KopoBsucoBa m #p. [1963]. PI — njiarnoKjia3, Cpx — KjiHHonHpoKceH, Opx — 
opTonHpoKceH, 01 — ojihbhh, An — aHopTHT, Hed — reAeH6eprnT, Fs — cjDeppocMjiMT, Fa — (fcasiHMT. 
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npHMeqaHHe: 1—3 — o6p. K3-1615/1555, K3-1169/1472, K3-1513/1489,3 [Psi6ob, 1984]; 4 — cpe^Hee m3 1 — 3; 5 — jieMKora66po cpe^Hee m3 
8 aH. LUoflHH, BaTyeB, 1971]; 6 — cpe^Hee H3 5 aH. [3ojiOTyxnH, 1978]; 7—10 — o6p. EIE-32/610, EIE-32/612,5, FIE-35/450,6, FIE-35/451,5 [Ph6ob, 1984]; 
11 — cpe^Hee m3 7—10; 12 — cpe^Hee m3 4 aH. [3ojiOTyxHH, BacmibeB, 1967]; 13 — cpe^Hee m3 4 aH. [3ojiOTyxnH, IIJeflpHH, 1977]; 14 — cpe^Hee m3 9 aH. 
[3ojiOTyxHH, IIZeApHH, 1977]. 
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T a 6 ji h i; a 6. XHMHnecKHe cocTaBbi (Mac. %) nopo/j „BepxHHx” 3h,ijokoht aKTOBbix ropH30HTOB (nerMaTOH^OB) 

H3 HHTpy3HH HOpHJIbCKOrO THIia (r — TaKCHTOBbie, r — TpOKTOJIHTOBbie, T — JieHKOra66pO) 



T a 6 ji h i; a 7. KoMnjieKCHbie xHMHnecKHe h reoxHMH^ecKHe .aaHHbie /yia H36paHHbix o6pa3uoB 

H3 ocHOBHbix nerMaTOH^OB HHTpy3HBOB HopHjibCKoro THna (K3 — H3 BepxHeiajiHaxcKoro, HIT — HopHjibCK-I) 
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OKOH^aHMe Ta6ji. 
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TaKCHTbi, r — ra66po. 



T a 6 ji h i; a 8. Pe3yjibTaTbi roMoreHH3au,HH pacnjiaBHbix BKjuoaeHHH (°C) 

B KJIHHOnHpOKCeHaX py^OHOCHblX HHTpy3HBOB HOpHJIbCKOrO THna [30JI0TyXHH H £p., 1975] 




I. OcHOBHaa paccjioeHHaa cepna 





^HcfjcjDepeHUHaTbi 



HHTpy3HH 

ra66po-AHopHT 

IIOHKHJIOO(j)HTOBbIH 
6e30JIHBHH0BbIH H 
OJIHBHHCOAep^amHH 

r-fl 

OjIHBHHOBblH 
r -A 

Ojihbhh- 

6hoth- 

TOBblH r-A 

FIhKPH- 
TOBblH r-A 

BepxHeTaji- 

HaxcKasi 

1230—1240 

1200 

1220—1240 

1275 

1275 

HepHoropcxasi 

— 

1210—1230 

1255—1265 

— 

1265—1270 


II. OcHOBHbie nerMaTOH^bi 



TaxcHTOBbie r-,a 

TaJIHaXHTbl (TpOKTO- 
JIHTbl) H OJIHBHHOBOe 

ra66po 

rierMaTOH^bi b 6e30JiHBHH0Bbix ra66po-AO- 
jiepHTax h ra66po-AHopHTax 

BepxHeTaji- 

Haxcxaa 

1235—1240 

„nepBHHHbie” 

1150—1140 

„nepBHHHbie”, 

1070 „BTOpHHHbie” 

1140 „BTOpHHHbie” 

HepHoropcKaa 

1220—1230 
„nepBHHHbie” h 
1140 

„BTOpHHHbie” 

1280 „nepBHHHbie” 

1120 „BTOpHHHbie” 

HopHJIbCK-I 

1270—1280 

„nepBHaHbie”, 

1180—1150 

„BTOpHHHbie” 

1150 „BTOpHHHbie” 

1220—1240 „nepBHHHbie”, 

1140 „BTOpHHHbie” 


n pMMenaHHe. ITo ^aHHbiM E. H. EyjiraKOBOH, yTOHHeHHbiM £jih HHTpy3HH HopmibCK-I. 


T a 6 ji h i; a 9. OTHOCHTejibHoe co^ep>K3HHe njiaTHHOH^OB b THnax py^ 

HopnjibCKHx MecTopo>KA6HHH Ha 100 % cyjibi})HAHOH Maccw [Distler, 1992] 
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Ta6jiMi;a 10. rijiaTHHOHAHaa MHHepajiH3ai;HH (r/T> HopHjibCKHx MecTOpo^KfleHHH b nepec^eTe Ha npoueHTW ot cyMMbi 3 nr [Distler, 1992] 


cu 

Rh+Ru+Ir+Os 

3,02 

1,38 

9,05 

169,5 

5,17 

7,94 

Pd/Pt 

4,39 

4,56 

1 5 1 

3,5 

3,56 

3,2 

u 

E 

n 

w 

4,56 

100 % 

11,02 

100 % 

27,22 

100 % 

90,11 

100 % 

10,00 

100 % 

10,81 

100 % 

Os 

0,02—0,04 

0,03 

0,66 

0,03—0,05 

0,04 

0,36 

0,02—0,03 

0,025 

0,092 

0,01—0,03 

0,02 

0,022 

0,03—0,08 

0,055 

0,55 

0,02—0,04 

0,03 

0,28 

»H 

0,01—0,03 

0,02 

0,44 

0,06—0,10 

0,08 

0,72 

0,01—0,03 

0,02 

0,073 

0 , 01 — 0,02 

0,015 

0,016 

0,02—0,03 

0,025 

0,25 

0,01—0,03 

0,02 

0,18 

Ru 

0,14—0,20 

0,17 

3,73 

0,2—0,3 

0,25 

2,27 

0,05—0,10 

0,075 

0,27 

0,04—0,09 

0,065 

0,072 

0,20—0,30 

0,25 

2,50 

0,14—0,20 

0,17 

1,57 

Rh 

0,03—0,06 

0,045 

0,98 

0 , 6 — 1,2 

0,9 

8,15 

0,2—0,5 

0,35 

1,29 

0 , 01 — 0,02 

0,015 

0,016 

0,05—0,10 

0,075 

0,75 

0,07—0,12 

0,095 

0,88 

Pd 

3,0—4,0 

3,5 

76,75 

7,0—9,0 

8,0 

72,60 

20,0—25,0 

22,5 

82,68 

40—100 

70 

77,60 

6 , 0 —9,0 

7,50 

74,97 

6—10 

8,0 

74,0 

cu 

0 , 6 — 1,0 

0,8 

17,55 

1,5—2,0 

1,75 

15,89 

3,5—5,0 
4,25 

15,61 

15,0—25,0 

20 

22,20 

1 , 6 — 2,6 

2,10 

20,98 

1—4 

2,5 

23,10 
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npiMoaceHHe II 

TPAOHKH 3BOJHOIJHH COCTABOB IIOPO# 
PACCJIOEHHOH CEPHH H OCHOBHbIX nErMATOHflOB, A 
TAKXCE PA3JIHqHbIX CYJIbOHflHblX P YJX 
RJIZ HHTPY3HBOB HOPHJIbCKOrO THIIA 
(no aHanHTHnecKHM AaHHHM) 




Our. 1. Jin arpaMMa K 2 0/(K 2 0 + Na 2 0)—Mg0/Ti0 2 (Mac.%) /yra cocTaBOB nopoA 
paccjioeHHOH cepnn, ochobhbix nerMaTOHAOB h cpeAHeB3BemeHHbix cocTaBOB pyAO- 
hochbix HHTpy3HH HopHjibCKoro rana: 

1 — nopoflfci paccjioeHHOH cepHn; 2 — hmxchhc TaKCHTbi; 3 — BepxHne TaKCMTbi; 4 —7 (no Ta6ji. 2 m 3): 
4 — cpe^Hne n cpe;jHeB3BeiiieHHbie TajmaxcKMX MHTpy3HH n MHTpy3HBHbix BeTBen, 5 — cpe^Hne no 
flHcjDcjDepeHijMaTaM TajmaxcKMX MHTpy3nn, 6 — cpe^Hne no TaxcnTaM h TajmaxHTaM, 7 — cpe^Hee no 
TaxHjiHTaM; 8 — cpe,aHeB3BeiiieHHbie no pa3JinnHbiM HHTpy3HsiM HOpnjibCKoro mna (cm. Ta6ji. 1 ); 9 — 
HnxcHne TaxcnTbi (no Ta6ji. 4); 10 — BepxHMe nerMaTOH^bi (no Ta6ji. 6); 11 — cpe^Hne cocTaBbi no 
6a3ajibTOBbiM CBMTaM HopHjibCKoro panoHa — fljisi cfmr. 2 m r p. [Lightfoot et al., 1994]. CnMBOJibi cbmt 
cm. b TeKCTe (tji. 1). 



Our. 2. fluarpaMMa K 2 0/(K 2 0 + Na 2 0) — MgO (Mac.%) rjix cocTaBOB nopoA pac- 
cjioeHHOH cepnn, ochobhbix nerMaTOHAOB, cpeAHeB3BemeHHbix cocTaBOB pyAOHocHbix 
HHTpy3HH HopHjibCKoro THna H epeAHHX COCTaBOB 6a3aJIbTOBbIX CBHT HopHjibCKoro 
panoHa. 

Ycji. o6o3h. cm. Ha cfmr. 1. 
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Our. 3. fluarpaMMa K 2 0/(K 2 0 + Na 2 0) —(Mac.%) rjiz . coeraBOB nopoA paccjio- 
eHHOH cepnn, ochobhbix nerMaTOHAOB h cpeAHeB3BemeHHbix cocTaBOB pyAOHOCHhix 
HHTpy3HH HOpHJIbCKOrO THna. 

Ycji. 0603 H. cm. Ha (Jjnr. 1. 



Our. 4. fluarpaMMa S o6m _—(K03(j)(j)Hi],HeHT (J)paKii,HOHHpoBaHH5i) A^ia cocTaBOB 
nopoA paccjioeHHOH cepHH h ochobhbix nerMaTOHAOB pyAOHOCHbix HHTpy3HH 
HopHJibCKOro THna. 

Ycji. o6o3h. cm. Ha cf)Hr. 1. 
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Owr. 5—8. fluarpaMMbi Rjia cocTaBOB nopoA paccjioeHHOH cepnn, ochobhbix nerMa- 
TOHAOB, CpeAHeB3BeineHHbIX COCTaBOB pyAOHOCHbIX HHTpy3HH HOpHJIbCKOrO THna H 
cpeAHHx cocTaBOB 6a3ajibTOBbix cbht HopHjibCKoro paiioHa: 

Ycji. o6o3h. cm. Ha cj)Hr. 1. 
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Qnr. 9—11. flnarpaMMbi ajih cocTaBOB nopo/j paccjioeHHon cepnn, ochobhbix ner- 
MaTOHAOB (CM. Ta6jl. 3 , 7 ) pyAOHOCHbIX HHTpy3HH HOpHJIbCKOrO THna H epe^HHX no 
6a3a;ibTOBbiM CBHTaM HopnjibCKoro panoHa: 

1 — BepxHne TaxcHTbi (cm. Ta6ji. 7); 2 — hpdkhhc TaKCHTbi (cm. Ta6ji. 7); 3 — nopo^bi paccjioeHHon 
cepHH (cm. Ta6ji. 3); 4 — cpe/jHHe cocTaBbi no 6a3ajibTOBbiM CBHTaM [Lightfootet al., 1994]. Co,aep>KaHHsi 
MHKpoojieMeHTOB, b t/t (ppm). 
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Qnr. 12—14. IlayKOBbie 8-oceBbie AnarpaMMbi psi^a ojieMeHTOB rjisi paccnnTaHHbix 
cpeAHHx cocTaBOB (no Ta6;i. 3 n 7) mncpHTOBbix r-A U ), nopoA paccjioeHHon cepnn 
(b u,e;iOM) (2), nerMaTOHAOB (b u,ejiOM) (3); BepxHnx ( 4 ) n hjdkhhx nerMaTOHAOB 
(5) pyAOHOCHbIX HHTpy3HH HOpHJIbCKOrO THna. 

KoHueHTpauHH S n Ti0 2 , b Mac.%; Cr, Ni, Co, Cu, Ba, Rb, Sr, Zr, Cs, b t/t (ppm), Pt n Pd, b Mr/T 
(ppb). 

ConocTaBjieHHe Ha /jnarpaMMe Ti0 2 —Cr—Ni—Co—Cu—Pt—Pd—S cocTaBOB: cf)nr. 12 — nnicpnTOBbix 
r-fl, nopofl paccjioeHHOH cepnn (b ijejiOM) n nerMaTon/jOB (b ijejiOM) ; (fwr. 13 — nerMaTon/jOB (b ijejiOM), 
BepxHnx n HnxcHnx nerMaTon/jOB (TaxcnTOB); (j)nr. 14 — nnxpnTOBbix r-/j, nopo/t paccjioeHHon cepnn (b 
uejiOM) , nerMaTon/jOB (b ijejiOM), BepxHnx nerMaTon/jOB h HnxcHnx. 
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Our. 17. S, Mac.% 


Onr. 15—17. ConocTaBHTejibHbie ^HarpaMMbi cocTaBa iihppothhob (Po) BKpanjieH- 
HblX (b nHKpHTOBbIX H TaKCHTOBbIX T ~ Jl ) , npO^KHJIKOBO-BKpailJieHHblX H MaCCHBHbIX 

cyjib(J)HAHbix py^ HopnjibCKoro rana (nocTpoeHbi no /jamibiM [Distler, Kunilov, 1994; 
C/iyaceHHKHH h aP-, 1994]): 

1 — BKpanjieHHbie b nnicpHTOBbix r-^; 2 — BKpanjieHHbie b TaxcHTOBbix r-^; 3 — npoxauiKOBO-BKpan- 
/ieHHbie; 4 — MaccnBHbie py/jbi; 5 — H3 MajiocyjibcjDH^Hbix ropH30HTOB Tajmaxa; 6 — H3 Majio- 
CyjIb({3HflHbIX r0pH30HT0B HopHJIbCK-I H JiMaHrflbl. 
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Qnr. 18. ConocTaBHTejibHaa ^narpaiviMa Fe—Ni rjisi cocTaBa neHTjiaH^HTOB (Pn) 
BKpanJieHHbIX (b nHKpHTOBbIX H TaKCHTOBbIX T-p), npO^KHJIKOBO-BKpanJieHHblX H 
MaccHBHbix cyjib(J)HAHbix py^ HopnjibCKoro THna (no ^aHHbiM [Distler, Kunilov, 
1994; Cjiy^ceHHKHH n ^p., 1994]). 

Ycji. o6o3h. cm. Ha cjmr. 15. 
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MuHepa/ibi rpynnbi Cp 




Qm r. 19—21. ConocTaBHTejibHbie AnarpaMMbi cocTaBa MHHepajiOB rpynnw xajib- 
KonnpHTa H3 MaccHBHbix h BKpanjieHHbix py# HopnjibCKoro Tima (no ztatiHbiM 
[Distler, Kunilov, 1994; CjiyaceHHKHH n /jp., 1994]). 

MaccuGHbie pydbi : 1 — xajibKonnpnTbi (Cp), 2 — MOwxyKWTbi (Moich), 3 — nyTopaHMTbi (Put), 4 — 
Ni-nyTopaHHTbi (Ni-Put), 5 — TajiHaxwTbi (Tl) . BKparuiewibie pydbi : 6 — xajibKonwpwTbi b nwKpwTOBOM 
r-/j, 7 — TajiHaxwTbi b nwicpHTOBOM r-/j, 8 — xajibKonwpwTbi b TaxcHTOBOM r-/j, 9 — xajibKonnpnTbi b 
MajiocyjibcjDw^HOM ropw30HTe. 
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Qwr. 22. ConocTaBHTejibHaa 4-oceBa5i nayKOBasi ^narpaMMa Ni—Cu—Co—S 
(Mac. %) Rjin py^ H3 K)3 bctbh Tajmaxa: 

1 — BKpanjieHHbix, 2 — npoxcHJiKOBO-BKpanjieHHbix, 3 — MaccHBHbix nnppoTHHOBbix. 3^ecb h ^ajiee 
(cjDMr. 22—31) nocTpoeHbi no AaHHbiM [Distler, Kunilov, 1994]. 



Owr. 23. ConocTaBHTejibHaa 8-oceBa5i 6jiaropoAHOMeTajuibHa5i nayKOBaa ^narpaM- 
Ma Pt—Pd—Rh—Ir—Ru—Os—Au—Ag (ppm) rjisi irappoTtmoBbix py/j H3 K)3 
BeTBH TajiHaxa. 

Ycji. o6o3h. cm. Ha (j)nr. 22. 
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Qnr. 24. ConocTaBHTejibHaa 4-oceBaa nayKOBaa flnarpaMMa Ni—Cu—Co—S 
(Mac. %) Rjin MaccHBHbix pyA H3 K)3 bctbh TajiHaxa: 

1 - nMppOTMHOBbIX, 2 - Ky6aHHTOBbIX, 3 — TajIHaXHTOBbIX. 



Qnr. 25. ConocTaBHTejibHaa 8-oceBa5i 6jiaropoAHOMeTajuibHa5i nayKOBaa AnarpaM- 
Ma Pt—Pd — Rh — Ir — Ru — Os — Au—Ag (ppm) rjisi MaccHBHbix pyA H3 K)3 bctbh 
TajiHaxa. 

Ycji. o6o3h. cm. Ha cj)Hr. 24. 
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Qwr. 26. ConocTaBHTejibHaH 4-oceBaH nayKOBasi ^narpaMMa Ni—Cu—Co—S 
(Mac.%) Rjin nnppoTHHOBbix pyzj H3 Xapae;iaxcKOH HHTpy3HH: 

1 — BKpanjieHHbix, 2 — npoxcHJiKOBO-BKparuieHHbix 3 — MaccHBHbix. 



Qnr. 27. ConocTaBHTejibHaH 8-oceBan 6jiaropoAHOMeTajuibHaH nayKOBan ^narpaMMa 
Pt—Pd — Rh —Ir— Ru — Os — Au—Ag (ppm) zyra irappoTHHOBbix pyjj XapaejiaxcxoH 
HHTpy3HH. 

Ycji. o6o3h. cm. Ha cf)Hr. 26. 
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Ni 



Onr. 28. ConocTaBHTejibHaa 4-oceBaa nayKOBaa zjnarpaMMa Ni—Cu—Co—S 
(Mac. %) Rjin MaccHBHbix py^ H3 XapaejiaxcKOH HHTpy3im: 

1 — nHppOTHHOBbIX, 2 - Ky6aHHTOBbIX, 3 - MOHXyKHTOBbIX. 



Onr. 29. ConocTaBHTejibHasi 8-oceBaa 6jiaropoAHOMeTajuibHa5i nayKOBasi /jnarpaMMa 
Pt—Pd — Rh —Ir— Ru — Os — Au—Ag (ppm) j\jin MaccHBHbix pyzj H3 XapaejiaxcKOH 
HHTpy3HH. 

Ycji. o6o3h. cm. Ha cj)Hr. 28. 
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Onr. 30. ConocTaBHTejibHaa 4-oceBaii nayKOBaa anarpaMMa Ni—Cu—Co—S 
(Mac. %) RJin imppoTHHOBbix py^ H3 CB bctbh Ta;raaxa: 

1 — BKpanjieHHbix, 2 — MaccHBHbix. 



Onr. 31. ConocTaBHTe;ibHa5i 8-oceBa5i 6jiaropozjHOMeTa;uibHa5i nayxoBaii ^narpaM- 
Ma rjisi imppoTHHOBbix py/j H3 CB bctbh Ta;raaxa. 

Ycji. o6o3h. cm. Ha (bur. 30. 






Onr. 32—34. ConocTaBHTejibHbie nayKOBbie AHarpaMMbi Cr 2 0 3 —Fe 2 0 3 —FeO— 
Ti0 2 —MgO—NiO—MnO—A1 2 0 3 (Mac. %) cocraBa xpomhtob h xpoMimiHHejiHAOB b 
BepxHHx Ma;iocyjib(})HAHbix ropH30HTax TajiHaxa h HopnjibCK-I (nocTpoeHbi no 
AaHHbiM [Cjiy^ceHHKHH n AP-, 1994]). 

®nr. 32. — rjisi pacce^HHbix xpomhtob h3 6oraTbix ojihbhhom nopo^ (6 o6p. b 
Anana30He 43—30 % Cr 2 CX); ({mr . 33 — rjiz xpoMninKHejiH^OB H3 cerperaijHH b 
BepxHeM TaxcHTOBOM r-A (6 o6p. b /jHana30He 39—13 % Ci\0 3 ); ({mr. 34 — rjm 
pacce^HHbix xpoMinnHHejiHAOB b ra66po (5 o6p. b zmana30He 32 — 12 % Cr 2 0 3 ). 
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